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WIND STRESS ANALYSIS SIMPLIFIED 

By L. E. GRINTER,! Assoc. M. AM. Soc.C.E. 


One of the most difficult problems that the structural engineer must solve 


7 es the analysis of stresses in a continuous frame i in which joint displacements — —_ 


Es oceur. I In many cases, § since the loading i is , fixed, _ the analysis does not in involve 


placing loads for /maximum stress. The calculation of wind m moments in in tall 


building fs frames is such a problem. 


Rites ‘It is ie’ purpose of this paper to present a method, or rather a system of 


analysis, by which such frames may be analyzed with satisfactor accuracy 

manner and a fraction of the time by mos or 


since the designer's is left free to study the ake propor- 


» 
‘An exact of a continuous frame, such as a wind bent, hes usually 


required the solution of a a group of simultaneous equations, which is a rather — 
process even when simplified to the greatest possible’ extent. 


~ most usable of these older methods is probably the Slope Deflection Method 
as advanced by Wilson and Maney.’ Simplifications of the slope 
method and of other exact methods have been proposed. - Usually, these sim- 
plifications have involved the idea of neglecting the ef effect of moments in 
story upon the moments in all other stories except those adjacent to the as 
_ one under consideration. The approximate methods that resulted were dam 


_ Nore.—Discussion on this paper will be closed in April, 1933, Proceedings. HOT? ues 


Prof., Structural Eng., Agri. and Mech. Coll. of Texas, College Station, Tex. 

-2“Analysis of Continuous Frames Fixed- End Moments,” Transactions, 

Am. Soe. C. E., Vol. 96 (1932); p. 1. 

i . go Stresses in the Steel Frames of Office Buildings, % by W. M. Wilson and G. A. ar ee 
} Maney, Members, Am. Soc. C. E., Bulletin No. 80, Eng. Experiment Station, Univ. of aoe 
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the system of balancing fixed-end moments introduced’ by Hardy Cross, 

M. Am. Soe. C. E. Accordingly, the application of the method requires the _ 

fe. 
— 
| ane 

‘ 
— 
; 

4 
= 


’- case of wind stresses in tall building frames the time Prise for an 


le or nearly exact analysis has seemed excessive, and engineers have — 
tinued ton make wide use of the s so- -ealled statically determinate methods. This 
fact is. surprising because these methods have been shown to be in error as 
much as 100%, even for quite regular buildings. 


date, the most usable method of wind stress analysis, which also 


T his ‘method is both fast and simple apply, gives ‘results ‘that 
be too greatly in error for careful design. Ins cases in the two 
ee presented by those writers (the | Wilson- Maney 

a an Insurance Union Building), the moments are s iis n to var 
correct va values by from 15 to 48 per cent. 

he most recently suggested method of analyzing continuous frames is 
that made by Professor Cross.’ on ~The Cross" method of b: alancing fixed- end 

is directly applicable to all frames translation occurs at 
of the joints. It fast and simple, and produces: any degree aceuracy” 
‘The writer considers it to be the most satisfactory method 3 yet pro-— 


posed for the analysis of frames in which the joints: do not. 1 move. cases: 


7 in which joint translations occur, Professor Cross suggests a method of balane- 


ing shears, but this, like the other exact methods of caring for joint | move- 


“ments, requires” considerable time. ‘Certainly, for the case of wind | stress 


analysis the time required will be found to be excessive. 


£ 


i ye The writer has suggested au general method of analyzing continuous frames & 
for fixed loads, which he has been in the habit of calling “Successive Cor-— 


‘rections. This method was re: stated and examples. of: its application 

stress ‘analysis have been presented by Professor Morris. he first step 

in the general method of successive corrections is. to. balance fixed- 


“4 moments. A simplification i is possible i in certain cases and ‘this 3 is the “ simpli- a 


method. of wind stress analysis” sug ggested in this: paper he | 


method is ghee. applicable to certain structures other than building frames, — 

notably bents, open web trusses, and articulated “trusses: for secondary. ‘stress 


LE he eit method of successive corrections is r ré- -stated herein to form a 


at 
are against rotation: ‘and the fixed: end moments are bo 


‘The’ fix ed-end moments are balanced ‘around the joints 


joint is | in equilibrium ; that is = M = 0 at each joint. During this ‘process 


< 


Design of Tall Building Frames to Resist Wind,” Albert Ward Jr., 


Am. Soe. C. E., and Clyde Morris, M. Am. Sac. Proceedings, Am. Soc. 
C. E,, May, 1928, Papers and Discussions, p. 


3 Transactions, Am. Soc. 


Loc. cit., p. 66. 


no translations of the joints are ‘allowed. This’ step ‘is the’ same as in We | 
Cross method of balancing fixed-end momhentays) = 
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WIND’ STRESS ANALYSIS SIMPLIFIED. 


a. ili the balanced moments of Step (b) the total shears are deter- 
min and from the difference between these shears and the true shears” the 
artificial restraining forces at the joints are found. (There must be restrain- 
ing forces since the deflections of the structure as produced in Step (a). are 
ot the e true deflections.) , ehaol als ax at 4 
Ot (d) The joint forces found by Step (c) ‘are eliminated by applying equal ~ 
The structure is allowed to deflect with joints under the action 
‘of ‘this new force system, fixed-end moments are calculated, joint moments Ber 
are balanced, and a second set of joint restraints is computed. will be 
found that this second set of joint restraints is smaller and of less uapearneeil i 
than the first set. {1 to te ; 
The process is repeated until a final set of joint restraints is 
x that is small enough to neglect entirely. 
The moments are obtained by algebraically successive 


4 


a The ing ng explanation | of ‘the full ‘method of s successive ‘corrections is 
Pe. in yee in 2 order to make the prc process clear. ‘ When stated in this 


that to pra of process. In practical ‘the 
_ method may be simplified considerably. Since the first balancing of fixed-end i 
= 


moments is disrupted by the application « of a second set of fixed-end moments, tS 


it is that the first balancing need not be carried to its normal conclu-- 
= In fi act, it would be a waste of time to balance the ledividual joints” 

Str 

‘more than- twice before releasing joint restraints. Professor Morris* has sug- 
SS releasing joint 1 restraints after each balancing of ~ individual joints, 


practi 


of: all balanced column moments in a given story and the 


sum of all the original fixed-end moments is equal: ‘to the sum of the » second 
"set of fixed-end moments to be applied in this story. This total fixed-end — 
moment is to be divided among the columns i in songattben to their K-values, 7 
Nevertheless, it is of importance that one realize: the full significance of this 


method of successive corrections, ‘the first ‘set of balanced j joi 


would have been if the of the structure wi 


wrre) 


~ other Wolke: if the true deflections of the joints. can be guessed at, estimated, 


| — 

| 

— 

§ — 
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— 
a 

ima 
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1 
th joints fixed 

position with fixed joints. Then one can calculate the fixed-end moments 


& 


‘deflections are reasonably ec correct, the joint restraints will be found negligible, 
and the ‘first set of balanced Gneseinag may be taken as the final moments, — 
When the first set ot of joint restraints is too large to neglect, but is. still | 


small in comparison with the actual loads, the moments may be - corrected 

approximately. This is accomplished by assuming that there will be no 
change i in the location of the points of contra- flexure i in the members. ‘Hence, 
the final column moments: e obtained simply by multiplying | the first 
balanced moments by the ratio of the true shear to the computed shear i in that 
story. Final” girder ‘moments are obtained by dividing the sum of the cor- 
"rected column moments at each joint between the girders in the same ratio— 


as that of the “uncorrected girder moments. An of this simplified 


4 


Guess at, estimate, or calculate the of each joint of 


(8) Balance the moments fe succession ‘at at all joints until the joints are 


fully balanced; that is, until M= = =0 at each joint. 


-_, (4) Compute the t total shear in each story from the bi balanced moments. 
The difference between these shears and the real shears caused | by the loads 


is a fair indication of the error in the moments, = 


(5) Determine the final column moments by proportion, using. the relation: 


(6) the final girder moments dividing the sum of the cor- 


oe When the calculated shear i is within 10% of ‘the true shear, one need have 
us no fear but that the final moments will check the true moments within a 
as range of error of about 5% when proportioned a as indicated in Steps (5) and — 

ne (6). This factor of 5% is in intended to apply to moments of average intensity. 


rected column moments at each joint between the aati in the ‘same propo or : 


A particularly ‘small moment may be in error by 6 or 4. per cent. In several 
= eases the writer has been able to estimate the deflections of building frames — 


ie with sufficient accuracy so that the calculated ‘shears have been ae | 
of the true shears, and when corrected by proportion the final moments have 


checked the true moments within 3%, or less. When the frame is irregular, 


_ The remainder of this. paper will be devoted to a development and appli- a 
- cation of simple methods | of estimating the absolute or relative joint deflec- 
tions of frames before the division n of the total n moment among the members — 


ents 


xe 
is known. Relative deflections ; are as satisfactory as absolute deflections since — 
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of the simplified method to several continuous frames will be given. The 
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chosen have previously b been analyzed in the literature of ‘this field 
so that the ‘percentages of error n may be studied. The major e1 emphasis is 
thrown upon the analysis of wind moments in tall building frames b because ~ 
this is the most important of all x problems i in the field of continuous frames 


and the one that has been most neglected. 
SraTeMENT OF THE Process” or 


the process of balancing moments, one starts with a set of fixed-end 


Toads « or by joint translations. _ Those caused by intermediate loads are cal-— 


; moments in the members. — These moments may be caused by intermediate | 


from A to B about B. Therefore, 


ai ‘The question wie signs ms must be given careful consideration since the sign 


a convention adopted i is different from that used by - Professor Cross. ‘However, 
a single s statement of this sign convention will cover all cases: When an end 


oment tends to rotate a joint in a clockwise direction , that ‘moment is 
always considered positive. In Fig. 1, since the moment in the member, AB, 


a 
tends to rotate ‘this moment is positive; also, 


its 


usual conditions of fixed- -end moments are shown in It is 


find combinations of cases for or instance, normal translation plus 


When the fixed- ond in have been determined, the 


are balanced in any desired until each Joint is eventually. 


~~ 
— 
- culated as in any fixed-end beam. When joint translations occur, the fixed- — 
|} end moments may be computed as f o> In Fig. 1, the deflection at B from “ss ee 
— 
| 
— 
— 
it 
— 
=! 
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any joint at one time is equal to the total. moment. The 
e os individual moments are in proportion to the K-values of the members meeting 
at the joint. The balancing moments to be recorded at. any one time onl 


4 


Fig. 2.—Siens or Fixep-E ND MOMENTS... 


Ca arry-over moments | are of ‘the : same sign as the balancing moments 


are equal numerically to 50% of the balancing moments if th the members are 
nay re 
of uniform cross- -section from end to end. algebraic sum of the | original 
_fixed- end ‘moment, the ‘moments, and the carry: over moments for 


end of that When ‘this ‘sign convention is “algebraic sum 
of all final balanced spompenta, aronnd a joint is equal to zero 0; tl that is, the 
Avion) SECONDARY Stresses my, TRUSSES end 


The most obvious application o of the simplified method: of analysis. ‘is in 


- @bmpnting the s ondary stresses in a a truss. In this structure it is not nece 
sary guess at, or estimate, the deflections be cause they are caused 


entirely by the direct stresses and may be ca leulated. directly. The compu- 
tations for deflections may be made either by the Williot- Mohr diagram, gn | 


the ‘algebraic ‘methods of virt tual work or e elastic weights. The relative 


as | detetion of the two ends of | each member taken norm: al to its direction may 


be obtained from these data, and the fixed- me moments may be e: aleulated © 


9 


as The final secondary moments ‘ are ob obtained by balancing m moments around ‘the = 
joints” as in any other frame. The final balanced goments are slightly 

error because of the existence of small joint restraints. If one is intereste do 

‘m’the magnitude of these joint forces, they may be caleulated. 


| bet an ‘example of the application « of the method, the secondary ‘moments 
are computed | in Fig. 3 for a simple > trus analyzed’ by Ketchum, — 


i: : eh? Soe. C. E. It will be seen that the moments calculated by the sim- 


plified” method check Dean Ketchum’s results closely. The check would 

ey “naturally have been | exact if i inaccuracies of slide- rule and graphical computa- 
tions: had not entered into work. The shears’ ‘producing. the joint 
a restraints are also calculated from the secondary: ‘moments given by Dean 


nd are ‘given in Fig. 3 (ec). The largest: joint force is 156 lb., 
acting ‘downward at C. If the members have reasonable areas er 


7“Steel Mill Buildings,” by M. S. Am. Soc. C. E., Fourth Edition, 1921, 
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Story 


of this kind usually are either unsymmetrical, -unsymmetrically 1 loaded, or 
loaded both vertically and laterally, it becomes necessary to make oro eee 
rate 2 analyses. 7 _ Any lateral joint 1 restraint at the top of the bent that appears 
. when balancing fixed-end moments produced by the intta-panel loads (side 
lurch prevented) is reversed in direction and added algebraically to the real 
f 5 lateral force at the top of the bent. Then, the fixed-end moments produced — 
this combined lateral force are balanced. direct proportion exists 
between these balanced moments and the true moments produced by the 
ae lateral force. An 1 explanation may be found in the fact that a s single- -story a 
. bent is limited to one possible type | of lateral deflection ; 7 that is, side Jurch, | q 
Hence, the moments are directly proportional to the lateral deflection. The 
bent will have its proper lateral deflection when the moments: by 
oe _ proportion so that the bent is in horizontal equilibrum. Final moments are 


obtained by adding | algebraically e moments p produced by ‘intra- panel 


| 


introduction to. the study of wind moments in the tall building 
frame, the application of the simplified method to the analysis of a tall wind 
of theoretical proportions | will be considered. ‘This: single-bay structure 
has two mepeiens columns i in each story and any number of stories of constant a 
‘The K-values of the columns ‘and girders” top 


downward in direct proportion t to the s story shears. Se wee 


When fixed- end moments caused by the wind shears are balanced, points , 
of contra-flexure will be found at the mid- height of each column and at the in’ 


center of each girder. . Thes story ‘shears obtained : from the balanced moments _ 
will: be found to bear a constant ratio to the wind shears. Hence, final 
moments may be obtained by direct proportion. An explanation is found in | . 
the fact that the | joint restraints, if determined, would form a force system 7 
in all respect to the ‘original force system. Accordingly, points of 


 eontra- flexure would not shift under the application of this second force 7 


(The local effect of fixation is not considered here.) 


“Tete ; significant that the side lurch is constant for each story ry of this bent 
* ‘either when joints are free to rotate or when they are fixed against rotation. 
The two deflection diagrams may be “represented by two straight lines 


different slope. correspondence deflection diagrams i is necessary if 
_ exact final moments are to be obtained from th the first balanced moments by 
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tall building will not follow the ‘ideal proportions of a 


exactly, but it is of interest that these proportions are followed closely enough — = 
so that many buildings approach a straight-line deflection curve under the _ 


7. action of wind loads. With this information as a background, it is possible | . 
to set up a system for analyzing - wind moments in tall pbuilding frames that — 
may be applied to any frame and that is extremely ‘simple when applied to a 


has : a 2 smooth deflection 


the heights. T his statement is with the matheinati: 


7 eal relation, — = C, in which, A and h represent, respectively, the inom 


2 side deflection and the height of any story, and Cisa constant. It has 


been that: the fixed- end moment is determined ‘from the 


Therefore, if is assumed to be equal to 6 E, the 


/ moments in each column are equal to the K-value of that. column. aye 
These 1 fixed-end ‘moments are balanced in the usual manner until all joints - 
are in equilibrium. The resulting story shears are then ‘compared with the 
wind shears. If the ratios between 1 the calculated shear and the wind shear in 


all stories are a approximately constant—that if the variation does. 


exceed —final column moments may ‘obtained with satisfactory 
accuracy by multiplying 1 the calculated column moments in each story by 


“between the girders ‘meeting at joint in the pcs ratio as that of én 


it In certain structures one may find that the ratios of wind shear to caleu- 


-yet the 1 variation between these ratios s for “separated stories is much | greater. i 


a It is well understood that moments aj applied in one story | ofa a frame have little 
effect upon moments in any other stories, except ‘those a adjacent to the one 
under consideration. Accordingly, | one need compare only the ratios of wind 

shear to calculated shear in adjacent stories, and if these -Tatios do not vary 
from each ‘other by ‘more » than or 15%, the moments may be 
a If shear ratios in all adjacent stories change in, the same direction by 15%, 
those for the first and sixth stories will vary from each other by 100 per cent.: 


Nevertheless, approximately correct final _moments can be obtained by y pro 


‘Consider a group of stories cut from a ftinie ti in which all columns and girders. 


have values, all stories have equal heights, and the wind ‘shear 


top en e 


— 
| ma 
— 
— 
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— 
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4 
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of the columns are 
7 


Papers 

balanced, it will found ratios of wind shear to. eal- 

_ eulated shear i increase uniformly from the top. downward by increments of 20 Po 
‘cent.. However, ‘when corrected | by proportion, ‘the moments are 
«11% of the true moments. It follows that a | reasonable correspondence (less 

ea than 15% variation) between the ratios of actual shear to calculated shear in 

- adjacent stories of a building frame is the only important criterion for deter-— 

ining when final moments | may be obtained by proportion. ee eee Same 
The foregoing discussion makes it clear that the ‘method of balancing © 
fixed-« -end moments equal tot the K values of the ‘columns i is directly applicable - 
— practically any frame that has a reasonuably smooth deflection curve even — 
if this. curve does not approach | straight: line. An interesting example 
pad ‘that of a set-back building. , ae the parts of the building above and below the — 
set-back are reasonably regular, it is only” “necessary that one estimate care- 
— fully the relative deflections of the first two stories above and | the first | two 
* stories below this point, in order to set the relative slopes of the two assumed 
deflection lines. method of estimating deflections will ‘be 
_ developed in a later section of this paper. ) From this" point the analysis is < 
~ unchanged except that fixed-end moments in the upper part of the “el 
= are equal to the K -values of the columns multiplied by the ratio of the slopes 
the top and bottom parts” of the building. The fixed- end moments in. 
4 “the lower section of the building are taken as equal to the K -values of the 
An example of the application of the in 
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moments the joints. first at the top of each Tow 
“of column moments represents the original - fixed- end moment, which is — 
‘to the K-value of the column. There are no fixed- end moments in the 
girders. The center girders of ‘this symmetrical building are represented as 
having p pins at their mid- -points, which are fixed against translation. This 
-Tepresents their true condition and is permissible, provided | their K- -values 
‘are increased 50% when the distribution factors are determined. If this” a 
simplification i is used, there are no carry-over moments for th the ‘center girders. 2 —) 
As usual, a single horizontal line indicates that a balancing n moment has been 
recorded immediately above, and two horizontal lines indicate that an entire” 


balancing Process: has been completed. — The final moments, obtained by | pro- 


___ When the ratios of calculated shear to wind see 4 in each h story of t the 
Wilson- Maney bent (Fig. 4), were determined, they \ were found to correspond 

within ay variation of (11% for adjacent stories. Accordingly, the balanced 
“moments were corrected by proportion, and the final moments will be found _ 
- to check the true moments as determined by the slope deflection method within Y 


-_ a maximum error of 7 per cent. . This frame has also” been analyzed by the 


 Ross-Morris method | and the F leming Method No. o. 1, and the reported 
moments* showed maximum errors, respectively, of | 15 and 39 per cent. A 
comparison of the moments ‘obtained from Fig. 4 4 extended to to seven stories, — 
an 5 with the exact moments by the : slope deflection ‘method, is given in Part (a) i . 


If the method o: of fixed- end moments to be i in or equal 


to the K- values of the columns is used on an irregular frame, one will not 


= find the ratios of wind shear to calculated shear to be alike, even -approxi- 
7 mately, i in all adjacent stories. . Since these criterion ratios must be made to 


_ correspond, it is. necessary to introduce additional fi fixed- -end moments into 


certain stories to bring these ratios re reasonably « close together. After vestimat- 
the total fixed-end moments r required to accomplish ‘this pur purpose, 


fixed- -end moment for a given story is divided among” the columns i in propor- 


tion to their K- values. These moments are then re-balanced and the results 5 
are added algebraically to the first balanced set of moments. 1 


criterion ratios for adjacent stories the desired limits 


Pat) 


to apply i in neighboring stories i in n order to make ‘the criterion ‘ratios 
et 
In selecting the value of the moment. to be applied in a given 


"story, ‘one must. consider the fact that the final | balanced moment will be 


” _ changed by considerably less than the value of the | applied fixed- end | moment. a 


Iti is also of a that a total positive moment applied i in a given stor 


— ... tations in Fig. 4 seems | 
f the computatio = 
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—. TABLE 2. —CoMParIsONs OF Mome ‘TS AS CompuTep BY THE Ex ACT 


SLope DEFLECTION AND BY THE SIMPLIFIED ‘Mernop 


lified 
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deflection 
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Percentage, 
error 


Slope 
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See TABLE 3 AND Fic. 8) 
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Slope deflection moments were ahaa by Ross and Morris and are given in inch-pounds - + 10000. 


is Slope deflection moments were computed by Wilson and Maney and are given in inch-pounds + 1 
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will produce a total negative m adjacent story. An 
of these effects can be made wherever the distribution factors at the joints 


example of the of this method an irregular frame 
: given in Fig. 5 . The frame selected is the lower stories of the American 
Insurance Union Building. Dimensions and K -values of the members for 
ae this building are e given’ in Table 1. | This” structure was chosen since it has 
_ been analyzed previously by three methods, one of which was the exact slope 


deflection method by Ross and Morris.‘ fixed-end moments selected for 
columns in Fig. are twice the Column K- values. ‘These moments 


in order to increase the accuracy of the final moments. without ‘making 
_ necessary the use of three- “place | balancing moments. - Since final moments are 


obtained by proportion, it is permissible to multiply all fixed-end moments by — 


these “joints: to be be the same from | below. Do n not transfer 


carry-over moment across the girder. These approximations make the 
moments ealculated for the eighth story valueless. The final moments = 


Fig. 5—in inch- pounds, ‘divided by 100 000—are shown in parenthesis, The 


~~ will note the correction ‘moments that are introduced into Story 2. 
‘The first set of moments for the American” Insurance 


mined. These ‘criterion satisfactory except ratio 4 


wee - existing in the first story above the “mezzanine, which is called the second 


2 story in this building. Accordingly, a a total -fixed-end moment of — 160 was 


3 
divided : among the columns of this story in proportion to their K-values sand — 
7 re-balanced. _ These fixed- end correction moments are the second figures | below 
first pair of horizontal lines in each column of moments. The value of 
, a was chosen after careful inspection. as being the smallest total ‘een 
Bee that could be applied in this story and still increase the criterion ratio for A 
this story up to approximately the values found in the adjacent stories. ¥ The 
final results justified the selection of this fixed-end moment although | either a 7 
slightly larger or a slightly smaller moment “would have proved to be nearly 


The final criterion ratios for adjacent stories vary from each “other by 


2 


of 21% and yet the largest « error r found in a 2 final moment is 


that the maximum error found by Morris. 48% by 
method and 100% by the Fleming Method No. 1. A comparison of of the 
ae ea ei obtained from Fig. 5 with the exact moments by the slope- deflection 
me ethod is given in Part (b) of Table 2. 
ee  «dIti is important that the reader realize the practical limitations that should 
a - placed - upon this method of analysis, in order that he 1 may ‘understand the ; 
; field of use for the second method which will be described 1 later. "The desire 
of the writer has been to » reduce wind stress to the simple } process of 


eliminate the need for Balanc- 
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ing. shears Pues the corresponding int introduction of a a ‘second , third, and fourth - 
set of fixed-end moments which must be balanced in their turn. The fore- - 
going method o of analysis. is ideal, wherever the frame deflects into a reason- 7 
smooth curve. For such a a structure, the analysis i is completed by balanc- 
ing a single set of fixed-end moments and then by correcting the balanced 
_ moments by proportion. © Even if there: is a considerable irregularity in one 
cat 
a. or two ‘stories, the method is ‘still advantageous: since proper correction 
moments can be introduced into these stories, Te- -balanced with small effort, 
4! 


and the moments corrected by proportion as for a regular frame. However, 
if ‘more > than two neighboring stories of the frame are highly irregular, : on 


> 


becomes rather ‘diffie to estimate the proper fixed-end correction moments. 
In fact, one may err to ‘such an extent in ‘selecting these moments that, vie 


re-balancing, the shear ratios for adjacent stories still do correspond 
within the desired range of variation, and it ‘becomes necessary to introduce _ 


a second set set of correction moments. “Naturally, such mistakes are most likely — 
- occur in an analysis performed by one who is unfamiliar with the > method. 


After making use of this method of balancing 


‘major is in the analysis of frames for which an inspection 
of the arrangement of the members and of their K- values indicates that cor-— 


rection | moments 3 probably will be required i in one or two stories only. if this 
inspection — indicates that correction moments will be required in 
number of stories, it seems desirable to make a closer estimate of the _. 

relative deflections, order that the introduction of correction ‘moments 


the method of analysis just presented, the story | deftections of the frame 
are assumed to be in proportion to the story heights. | The | analysis of an 


irregular frame by this system is complicated subsequently by the need for 


introducing correction moments into one or more stories of the frame. A 


method of estimating the true story deflections would seem to offer an a advan-. - 
tage since the need for the int introduction of correction moments might be el elimi- 
nated in this ;manner. In fact, final moments can be obtained within an error is 
of about 6% if the dhe deflections of each story can be estimated within | a 

variation of 10 per cent. following method of computing ‘deflections has 
been found to give this accuracy in all except highly irregular 


As a maximum error of even 10 o or 12% in the: wind moments would 


for extremely irregular structures. Clearly, ‘this system of estimating 
“a ; "deflections may be combined with the conception of producing equal criterion 5. 
a | ratios for all stories, by the introduction | of correction moments into certain — $ 


Since the ‘lateral deflections of a building under wind load are dependent 


“upon the “properties of all the columns and all the girders, it seems reason: 
that the de be estimated with considerable accuracy: by 


stories, to give a method for determining wind moments within any desired 
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wae at each floor level. The K-value of the combined column for each ory =. 


is taken as the summation of the K-values of all columns in that story, or 3 % Ke. s 


The ‘combined girder at each floor level has a ‘K-value equal to twice the sum 

of the K- values of all girders at that floor, or 25 > Ky. T The factor, 2, ae lll 

because each g irder is effective in resisting the moments at two joints. ‘The — 

problem is now reduced to estimating the lateral deflections of this single 

column with single restraining girders at ‘each floor level. 

om aa ‘It is necessary, first, to consider the relation between moment, deflection, — 


joint ina single story. The lateral deflection of the 


_ column may be looked upon as made up of two ‘parts: (1) The angle Sang 


“att the far end times the story height; and (2) the deflection at the near ed 
from a tangent drawn at the far end. ‘However, considering ‘the deflection 


¥ 
ia. as divided at the mid-height, as shown i in Fig. 6, it becomes clear that, 
rs ies but 8 is the average of the deflections at the two ends measured from tangents — 
drawn at the far ends. Hence, 6 is ‘readily. computed | by area: moments; 


‘The: sum of M, and M, for the combined eglumn § is equal to the total 
ies Ms i in the story, which is equal to the shear. times the story height, and the y 
-value of the combined column is H Hence, 8 and, inote 


wt ) can also be derived from the slope-de eens equations. © 
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Me into and the first which involves the 


' ~ values of 6, is dependent upon the division of the total moment between the 


_ top and the bottom of the column. a te regular, it is. 


sufficiently accurate to assume that M, = M, iE an analysis of the © 
Wilson and Maney bent this assumption was made, “ae he he computed win nd 


7 ‘moments checked the true ‘moments within a maximum error of 2 per cent. 
oN evertheless, since the use of fixed-end moments equal to the K- values of the 


columns is sufficiently accurate for a frame of reasonable regularity, a better — 
approximation of the true division of the total. moment between the tw yends 
of the combined column seems desirable. At least, the refinement suggested 


7 ‘subsequently will prove advantageous when the stiffness ratios between girders 

and columns at the two ends of a combined column vary each by 


more than 50 per cent. we 
= ‘The “stiffness r ratio of girders to columns” can be defined | as: pi bo 
ree? 23 K, ‘the girders between Stories A and 


at the top bottom a story are to each other approximately as” 


and Mictom = M; — 


e that the n-value at the top of a basement column is 00 o and that the 
at the bottom is 20. Hence, the total column moment would be 

“divided in the ratio of 67% to the bottom and 33% to the top. This naturally 


Assumes a fixed base at the bottom of the basement column. — lady! usually 


0% 


yoqnives that the moments at the top and the bottom of the basement — 


z 4 rr pond more closely than 2 to 1, and, accordingly, it seems desirable t 
‘place an upper limit. of 60% on the division of moment. 


adding the total column moments above and below any floor level, t 


a moment. in "ths girder, My is obtained. ‘Since the K-value of the pre hee 
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its mid- d-point. For this case, from Fig. 7, 


= “When all the 6- values have been determined, it is possible to compute the 
values of A for each story from the known relation 


ea The fixed-end moments in the individual columns caused by the side lurch 
are calculated from E quation (3), in which, K is successively the stiffness — 
ratio for each individual column, There are no fixed- end moments in the 
girders. The» fixed-end | moments in the columns are balanced in the usual 
manner the joints: to obtain the first set of balanced moments. 
When the balanced moments have been obtained, the column shears are 
calcul: ‘ted and added together. T he total shear should equal the wind shear, — 4 
and the difference is a measure of the error in the uncorrected moments. ‘It. _ 
bse these shears are within 10% of the true shears, the final moments can certainly — 


be obtained with sufficient accuracy by proportion. (maximum errors of about 


: , 6%). The final column moments are proportioned so as to make the -_ a 
lated shears check ‘the wind shears. The final girder moments are obtained 
dividing the sum of the final column moments at joint between the 


girders in the same ratio as that of the | uncorrected girder moments. en 


{ Pe «Cf the first: computed shears in certain stories vary from the true wind 

<n “alee by more than 10 or 15%, the designer must use his | judgment as to 
2 _ whether the foregoing method of correcting the moments by proportion will 
co a sufficiently accurate to meet his requirements or whether it will be neces- ben: 

‘sary to introduce correetion ‘moments into certain stories, has been 


ina preceding s section. Its seems improbable that the important 
-- moments obtained by proportion would ever be i in error more than 10 or 12% 


when the calculated shears checked the true shears within 20 per cent. 
experience with the method justifies this assumption, the need for 
introducing a set of correction moments probably will never arise, 


lower eight stories of the American Insurance Union Building were 
oo by the ‘simplified method making use of the n-values as ‘explained, — 


The computations of fixed-end moments for the stories = 


shown in units of inch- by 100 000. 


These final moments are compared with those determined byt the slope deflection — i 
z method in Part (c) of Table 2. The maximum variation in moment found a 
by the ‘simplified method when applied in this. form 1 was 9% when checked 
against the moments. obtained by the slope deflection method. Note that this 
a ee accuracy was obtained from balanced moments that had been carried out to 
pre places only. It will be recalled that ‘this same building was a analyzed by 5 
AG the: first form ‘of the simplified method, in which fixed-end moments in pro- 
to the K- values of the ‘columns a are balanced, and that the maximum 
3 error” in the final was 12 per It will also be recalled that a 
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R Estimating Story Dertections, AMERICAN 
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ingly, the second form of the simplified method, ‘which involves a — 


estimate c of story deflections, was more satisfactory for the analysis of | this ' a. 


‘strictene and will usually be found advantageous for ‘the analysis of such 


not. 


The time consumed by t the two variat variations sof the simplified method was 
4 very different for this frame. In the first analysis, time was required for ‘the iy 
introduction of correction "moments into the the frame, while in n the second 
7 analysis about an equal amount of time required to make the preliminary 
Pe! estimate of deflections. . In either a > saving over the | 

time consumed by the ‘general method “of successive corrections, although 


the saving is as important, as was found the a 

Since ‘the » windward columns lengthen while the leeward columns s shorten. 

under wind load, there are fixed- end moments produced i in the girders by this: 

effect. The obvious procedure is to determine the direct stress deformations | en 

in the columns after having determined wind ‘moments. From these 
deformations the fixed- -end girder moments are computed and balanced. 7 These S 


_ balanced | moments must be made a a part of the original a and since ae 
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“Naturally the: ‘direct stresses, if re- would be 
= changed, bet. a further revision of moments would seem to be unwarranted. 

In fact, | it is only in’ the tower structure that column deformation becomes 
of importance in _wind stress calculations. The writer has estimated the 

possible effect of column deformation in a discussion® of the Second Progress - 
Report of ‘Sub-Committee No. 31, Committee on ‘Steel of the Structural 

biti The effect of column ‘deform: ition can be included directly in a a second ~ 


nalysis whenever a revision of the sizes of the members makes a second analy- | 


necessary. ‘The a approximate direct stresses in the columns are 
known, and ‘the f fixed- end girder moments may be introduced and balanced 


along with the ed end column moments. Note, however, th at the column | 
moments” must have been obtained from absolute rather than relative e story 


‘deflections. Otherwise, ‘the effect, of column ‘deformation would | be either 


xagger rated or minimized when final moments are obtained by prevention, 


j 


in design been. as a bridge structure, 


a nE urope. Its analysis for fixed loads: may be made by the simplified method 


ei ither in the form of balancing fixed- end mot menis in proportion to the - 


values of the | members or by balancing fixed- end moments obtained from 


a: he analysis of the open- -web truss by balancing fixed-end moments equal — 

to the K-values of the members is almost identical to. the similar process 


for a building frame. In structure the fixed- end moments occur only in 


the horizontal members or chords, provided that the effect of direct. stress Et 
1ation is to be neglected, as is “ust ial. Depending upon the number 


panels j in the truss, it may or may not e enw id to introduce eortection 


into the various panels before. adjusting ‘moments: by proportion. 


The criterion ratios for adjacent panels must be made to “correspond within oe 
pre twice the maximum variation | to be expected | between the calculated 3 


4 moments and the true moments. In other words, if a 5 or 6% error is per- 


missible in the final moments, a 10% variation may be allowed between the — 


It will be an obvious improvement to assume that a parabolic or ‘circular hs 


deflection curve exists rather than one ‘of triangular: shape. The latter 
assumed automatically to be the deflection. curve if all fixed- end moments are 


q taken 2 as equal to the K- values of the chords. - A parabola will serve as well. 
as any other standard curve, and its ‘properties are most ‘readily determined. 


| From the relative assumed deflections of the panel points, ‘one determines 4 


‘the ratios for the various panels by which the K- values of the chords must 
be multiplied to obtain the original fixed- end moments. _ The process is simple 


gmoments are these balanced moments plus the wind moments obtained by 
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of a tall building frame. Any statically determinate “method 


analysis with which the designer is ; familiar may be used : in estimating 
wind ‘moments and direct stresses to be ina preliminary design 
ee of the structure. _ The statically determinate method of analysis. ‘must be : sup- x 
plemented by ‘the designer’s judgment wherever there | are extreme irregulari-_ a 
_ ties in the : frame. Ww hen the sizes of the 1 members have been determined for 
the most serious combination of dead lo ad, live load, and wind, the - simplified 


method of ee should be used to determine the true wind moments in — 


‘Slight the proportions of the frame will ‘Probably be neces- 
sary to care for the new distribution of wind moments. “= the preliminary in 
design was made by an experienced designer, these changes will usually be so. 
unimportant that a new analysis will not be required. Where considerable 
change i is found 1 necessary in the sizes of a few members, it x may be desirable 
1 aes to re- distribute | the 3 moments is about the joints into which these members fr frame. 
radical changes must be 1 made. in the sizes of a number of members, it 


will be necessary to repeat the Lou ‘However, in this second analysis, 


deflections: (obtainable from the of the first “and, therefore, 


th ] f h 
ihe abor o: t he s second analysis is slightly reduced. 
‘This outline of design procedure makes it perfectly clear that the experi- 


enced has a ‘Teal advantage over the beginner in the use of this 


method. The design of any indeterminate structure should be simplified 


by a pnoviows knowledge of correct proportions. - Any 1 m method of design in 7 
which preliminary proportions | are set essentially, by rele of thumb does 


’ take full advantage of the reduction of effort that experience should offer. 


Naturally, the question of economy enters into the problem of adie a 


; ing the. proportions of the structure. Minimum wind moments will occur 
points of contra- flexure | exist at the centers the members, and the 
smallest total direct stresses in the columns occur when the direct stresses in 


the interior columns are zero. However, a wind stress of from 25 to 50% 
of the dead load and live | load stress ina member i is usually allowed without 


an “increase in the size of the “member. Accordingly, it is not 
ee: true that there will be an important economy obtained by fore- 2 


ing the points of contra- flexure to the centers of the _ members « or by propor-_ . 


- tioning the structure so that there will be zero direct stresses in the wuselll 
In fact, the opposite ‘may readily be true. ot 
Te Near a point of extreme irregularity i in the structure, the designer should 


study the ‘matter of “proportions carefully. For instance, when the 
= “story columns are fixed at their bases, it is ‘frequently. considered desirable 
¢ to use heavy girders at the level of the first floor to force the points of Poe 


tra-flexure in the lower story columns: down near their mid-height. . The 


mportanc of this arrangement increases: with increase in the height of 
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one should realize that a heavy girder at the first 
floor will also require a reasonably heavy girder at the second 1 floor, , neither 
| ag of which can be stressed up to its allowable ; stress. This heavy second floor 
girder is required i in order to keep the points of contra- flexure i in the second 
story columns near their mid -height . The question arises as to whether or : 
not it is more economical to place excess material in these first and second — 


_ floor girders rather than to increase the sizes of the first- -story columns a 


for heavy wind moments. ' This example is typical of the kind of | 
problem ‘that the ‘designer must investigate around each point of extreme 


irregularity i in ‘the frame. A of the simplified method i is 


paper has been limited to “presentation ae a system of 


| analysis for stresses in continuous frames that undergo joint: translations = 


but i in which the loading i is fixed. An analysis for the effect of ‘moving loads ~ 
is an entirely different matter and is not considered. The re reader will | 
probably s see such an application in the calculation of the maximum stresses 
for a a -Vierendeel bridge truss. Since the value of this ‘method of analysis 
is dependent upon its usefulness - to the designer, the writer has indicated 
briefly its application | to the design of the most important structure in this 
_field—the tall building frame. A discussion of the proper proportions of 
frames was intentionally omitted from the paper, although a study 
of the relative economy of frames having various eurves would 
in interesting and valuable. _ hi 
Since certain examples m mentioned this” paper been s 
within a range of error of Qor 3%, it is ‘feared that the reader may 


the: conclusion that this | precision is put forward as desirable. Such - 
 eision ,is wasted b because | even the physical properties of materials ar 


writer that the entire attitude: of the designer must be demoralized 


the knowledge that his tool for wind- stress analysis 3 may be i in error by from — 


50 to 100 ‘per cent cent. Careless design would be the ‘natural result. “Any” tool 


_ for wind. stress analysis, such as the simplified method, by which the designer 9 


can wind stresses to conform to a predetermined ‘standard of 


culations and improve the quality of his work. with the 
importance of this result, the value of a discussion as to the 

. of accuracy i in wind stress ci should econ set at a maximum error of 5 5, 


or 2% seems trivial. 
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GEORGE WASHINGTON | BRIDGE: 


CONSTRUCTION, OF SUBSTRUCTURE fain d 
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principal of the construction methods used on the founda-_ 
tions for the main piers and the anchorages. for the cables of the George 
~ Washington B: Bridge are described in this paper. . The foundation piers for i 


the X New Jersey tower involved the use of open coffer-¢ -dams, larger and deeper 
than any previously used on 1 bridge construction. _ In New Jersey, the anchorage 

for the cables was obtained by | excavating inclined tunnels i in the solid rock 
of the Palisades i in which the anchorage steel was embedded i in concrete. The 

existence of Je effreys Hook < projecting into the “Hudson River in the “central 


part t of | Fort t Washington Park provided an ‘ideal site for the location of th the 
ee for the tower, and the natural topography behind the point | t and adjacent — 


Riverside Drive offered adequate footing for ‘massive concrete anichor- 


a at the: New York end of the main bridge. 


S05 


limi inary “studies brought out clearly the many advantages of th 


~ location passing over the extreme point of Fort Washington Park. The nar - 


10 _ ing of the river at this point made possible a a shorter main span than at 


ny other location in this vicinity. | The ground « on both sides of the river is 


a ish On the New York side the sound rock forming Fort Washington Point 


exposed ledges a at ‘the site of the anchorage indicated that a ‘rock founda- 


could be obtained under entire area of the anchorage with relatively 


offered ‘excellent foundations for the tower r, , and the frequent ‘outcroppings 


little. excavation, pati ty oft stom 
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aed 4 indicated that the piers could be founded on rock at a depth not to exceed oi ae ie 4 ae 
Nor#.— Discussion on this paper will be closed in April, 1983, Proceedings. 
Engr. of Constr., The Port of New Y w York, N. Y. ‘od ot 


100 ft. if be located. near shore Tine, While the pierhead line 
established by the War would have. permitted the location of this 


ae 


greater depth more than offset any ‘saving in the length of the main 


m the first it was” 


5 


to build a Saale hadi’ pier. The middle third could tie omitted so that the 
take the form a under of the two legs of 
\ 


The size and the foundations were thus controlled to ac consider- 


able extent by the design of the tower. The adopted design provided a block 


of wungeate under each tower leg as dows i in Fig. 1. It is to be noted that 


the piers: are faced with granite from the top toa ‘point 7 ft. below 


vertical load on the ‘amounts to an ‘ot 
= sq. ft. Under the most unfavorable combination of vertical and longi- 
_ tudinal forces the resultant will have an eccentricity of 5.2 ft. ., or only y 5% 
the width of the tower foundation. will cause a maximum edge 


‘pressure on the rock foundations of 28 tons per sq. ‘ft. “ about 400 Ib. per 


Compression tests: made of various pieces of cores from different 


oa pro indicate a variation, in the strength of the rock of between 3000 and _ 


000 tb. per sq. and a probable average of the entire mass underlying 


the tower foundation of between 12 000 and 15 000 Tb. ‘per ‘sq. in. The lowest 


a 


result obtain ed is, therefore, ‘nearly eight times the maximum edge pres- 


sure and ten n times the average ‘pressure. | _ The average strength of the rock 
is probably more than thirty times the edge pressure that will be 


‘The studies on ‘the preliminary borings: that the 


consideration to the use of an. open coffer- 
Baie On account ‘of the slope of the rock, if the pneumatic process had i 


ioe it would have been desirable to divide the area of each pier into two 

or more ¢ caissons avoid | the necessity of excavating perfectly “sound 1 rock 
lire. along the high side next to the shore ee. i in order to carry the cutting edge 
within each of the rock along the outboard or river edge of the caisson. . The 

Bee difficulty of obtaining effective connections between these caissons to insure 

a unified action under a single pier was recognized. This difficulty would not 
a. have to be met if the open | coffer-dam v was used, which n method would allow a 


careful and reliable preparation of the rock bed upon which the foundation 
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made the coffer-dam m ethod ver; very difficult. it decided, 
upon the recommendation. of Daniel E. ‘Moran, M. Am. Soc. C. E., to invite 7 
alternate bids for these foundations based u upon | both the open -coffer- dam and 
the pneumatic caisson method... The design of the -coffer- dams and the 
method | of ‘sinking them were with the subject 
The « coffer- act 
be built by first dredging the Site of the two as 
single'excavation tora; depth of 45 ft. , at the river edge of the coffer- dm 
and tto the rock surface over the remainder of ‘the area. This would’ ‘permit | 
the assembling a and sinking o of timber, bracing within the area of each coffer- - 
dam previous to the driving of steel sheet- piling. ‘This ‘method would permit 
rae i the bracing to be built down to. within a satisfactory distance from the sur- 
oes face of the rock before any pumping was started and w ould avoid creating 
the condition it in, which the sheeting has considerable pre pressure resist 
before the bottom sets of, braces have been placed. The steel sheet- -piling 
to be driven in full Japapie with the expectation that | sufficient penetration 
could be obtained i in the > tap | ayers of disintegrated rock to prevent any a 
difficulty “from: fnflow: under ‘the bottom of the sheeting, 
“‘The*over! | ‘of the interior of the ‘coffer- were made 10° 
4 ft. greater in: both directions than the dimensions of the pier so as to - 
vide a 5-ft. clearance beyond the neat lines of the pier on all sides. Four 
horizontal - frames and one inclined frame were provided in the original plan. — 
‘The inclined frame was to be set at. an... angle approximately "parallel to the 
o 4 slope of the rock floor as far down as the rock surface would | permit, and was 
designed to resist the pressure on the outer or river face wall. Later, a second 
 inglined frame, between the bottom frame ahd the lowest frame, 


‘added to the design to reduce the stresses on the ‘lower’ struts. Simple 


hydrostatic pressure was the basis for estimating the stresses, ‘the influence 
of the silt a and mud being disregarded. — _ Each strut consisted of a pair of 
*3 _ timbers, breaking joints and separated by ° the width of the vertical 12 by 12-i -in. 


posts, with 12- in. ‘filler blocks at joint” which also served as splice 
oo material... The. general arrangement is shown in Fig. 3, which is a view of 
some of thie ‘work on Coritract HRB- pair of. timbers in. each: strut 


varied] in’ size from 6 by 12 in. a at’ the ‘top to 12 by 14 in. . for the lower, pets. | 


ea ‘tlie lower to: ‘uppermost. frame 80° that 


- each. frame could be built near r the water surface and so > that it could be sunk 
rangers or walers were 24-4 -in. and 30-in, I- supported by timber 
"4 brackets bolted to the under side of the strut and extending beyond the ends _ 


strut for the: width of. ‘the | beam. Where the “steel pal 


t the | corners ther. Secured by. or knee- braces" bolted to 


“a 
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. 3.—TIMBER BRACING AND STEEL SHEET-PILING IN COFFER-DAMS, 


IG. 4.—PREPARING FOUNDATION ROCK IN SOUTH CorFrEeR-DAM ALONG WESTERLY WALL, , 


— 


a: 


wae 


space for hoisting muck and lowering concrete. Diagonal timber bracing was — 
used in the vertical plane from the top to the bottom set of each alternate 
4 row of struts to provide trussing to support the dead | weight of the timber 


and ‘such working platforms and meraneness loads as might be placed on 


A double wall of pon piling was ie along the east or river face and a 
inshore for about four-fifths of the distance on the up-stream and down-stream : 
ends. For the remainder of the distance to the inshore wall, and along that 
i wall, a single line of sheeting wa was used. _ The two lines of sheeting forming — 
the double wall were spaced 7 ft. 10 in. apart and were connected by cross- 
diaphragm walls forming pockets or cells 105 ft. long. 
ae fa _ The dredging operation was started d early i in May, 1927, and more than 75 000 4 
4 ou. yd. of the silt overlying the rock 1 were removed in 20 days. “ Several large - 
basalt boulders and an old rock-filled crib were encountered along the land . 


side of the south coffer- dam which made ‘it necessary to employ divers to o 
drill and these obstructions. About 10 days were for t their 
fiw After dredging was ‘completed, driven to support * 
control the sinking of the frames. . These braced clusters of guide- -piles were ki 


located | ‘so as to fall within the pockets formed by the bracing frames. As 


each frame was completed, it was lowered to such a level as to permit assem- 
bling the next frame Just above the surface of t the water, , the vertical 12 by 
Di in. ‘posts: serving to space the frames in the vertical position. ‘As the lower 


“was to up up overlying: riprap, boulders, and logs” that interfered 7 


= of the frames w were e completed « so ) that ‘the sheet- pile driving could be a 
Hot The steel sheet-piles weighed 82. 9 Ab. per ft. and varied i in length from 40 
ft. along the land side to 85 ft. along the deepest part of the river face. A 
total of 1558 tons of sheeting w was required for the two coffer-dams. The 


| 


& e. ‘sheeting v was set up against the steel waler of the bracing by} means of a derrick- 


= of the points of the sheeting were checked mahdie: aed. compared rule 
the elevation of the rock surface as | determined by the final core borings. The | 


- greatest difficulty. in seating the points of the | piles against or into the rock i. 
was: ‘met in in driving t the sheeting on the shore side and on the ends on account | . 
“of s some interference from boulders and possibly some remains of the crib at iM 
_ the southwest corner of the south coffer- dam. The tendency of the tops of the 
longer piles to. creep ahead also caused some difficulty which was overcome 
by providing. a | specially fabricated wedge- “shaped pile which ws was 
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the inner flanges’ struts were used longitudinally 
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first, all formed by the double walls of the coffer-dam. were to 
2 be filled with silt. However, in order to ) strengthen the wall below - the bottom 
_ waler, concrete was used in the pockets along the river face and 1 for a — i= 
“of four pockets o on each end of the coffer- -dam. This concrete extended from > 


‘the rock surface up to level of lowest waler. To minimize the pos- 


of the sheeting, the silt on vais inside was excavated in alternate pockets. The 
- major portion of it was removed by a clam- shell bucket, but near the bottom, 
the: remaining silt was ‘taken out by ‘suction on a centrifugal 
by a diver to make certain that the rock surface was thoroughly cleaned of all 
silt and boulders and to insure | close contact of the concrete seal in these a 
: “4 pockets with the bed- rock. _ While the silt was being pumped, the water in 
pockets was carefully maintained at a level, to avoid adding hydrostatic 
pressure to that of the exterior silt. i. Concrete was placed in these pockets 
with extreme care by a 1 yd., bottom- dump bucket, equipped with a canvas 
cover to prevent wash over the top » surface as the bucket was lowered. After 
making certain that the bucket was on the bottom, — it was raised slowly as 7 
it was dumped. In this manner the concrete was brought to an. elevation 
7 ‘= slightly above the lower walers after which a mixture of river mud and sand — 
a was introduced as back-fill. r The undredged pockets : and the : space behind the 
- single pile wall along the land side were filled with similar » material, as had 
the unwatering 0] operation was begun, the was taken to 
the water level just: below each set of braces until all piles: that were 
~ not bearing directly. against the | steel waler were blocked out, thus preventing — 
‘distortion of the ‘sheeting | as the water was lowered. The coffer- dam was 
‘unwatered, without difficulty, by means of two. vertical, submerged, electri- 
eally-driven centrifugal ‘pumps, one an 8-in. and the other a 12-in. pump. 
a a the water had been lowered to the level of the ground on the high © 
side, the excavation remaining overlying material begun. “The 
softer materials were dug out with clam- shell buckets and the rough rock 
“surface was cleaned by means of high-pressure water jets. Disintegrated 
was loosened with crow- bars and wedges and | loaded by hand into hoisting 
ll bedding planes sloping toward ‘the shore at an tient: of 15 to 20 
=: The foundation bed was prepared by removing the shale, leaving 
_ benches of the harder ar wee vertical steps of several feet (Fig. 4). im 


mounting to about one- 


third. of the total area) had been prepared, concrete was poured to an elevation 7 


 gufhetent to embed the lower two sets of bracing (Fig. 5). The concrete was q 
7 


carried beyond the neat lines of the pier into direct contact with the steel 
sheeting for | a depth of 5 ft., to provide further security to the coffer-dam. 
- This » program ¥ was repeated around the ends and until the river wall of the 
coffer- Gaze had been sealed with concrete. ~The operations were then 
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joints. the been poured to the of the 
of the granite fi facing, the « coffer-dam was | strutted against ‘the concrete, and 


built a above e high | tide, th the coffer-dam was flooded, the top set of pater was 
removed, ‘and the ‘masonry was without obstructions. After the 


coffer- dams, mo more re than 100 ft. ‘square, were tight: that a 4-in. 
pump, operating only time, was sufficient to take care of all leakage. 
had been ‘prepared and a portion of the « concrete over this area had ‘been 
placed, a blow-in occurred i ina | Single line of sheeting a at the -stream, inshore 
corner, on the morning of December 23, 1927. a The fissured rock failed to 
carry” the reaction at the point of the sheeting, with the result that the e sheet- 
4 ing was bent inward around the bottom waler as a fulcrum. Unfortunately, 
three men were killed; had the accident occurred at a later time in the day, ie 


the loss of life would have e been much greater. The bent sheeting was 


removed, ‘and this : section was re-driven with a double we wall. Since the rock — : 
foundation had already been prepared for concrete, it was possible to place a : 
form 1 under water and to remove the silt that had been carried in through 
break. After: this further preparation of the bottom by divers, 
concrete was placed by tremie in this corner to secure the toe of the = 


4 sheeting and. to support the entire inshore, and part of ‘the up- stream, wall, 


of the coffer-dam (Fig . 6). The coffer- dam was then ‘pumped out again ‘and 
the work carried to completion, following substantially the same program. —_ 


. The rock along the outboard or river face of this coffer- dam was eroded to aa 


~All the construction. plant on this contract (HRB. 2) electrically 
? driven. Its layout i is shown | on Fig. . Conerete aggregate was delivered by 


. water and unloaded on to a belt conveyor by a -stiff- leg derrick, on a timber 6 
‘dock built between the two coffer- ‘dams. The | belt conveyor ‘discharged into 
bins above a 2- -yd. concrete mixer erected on shore. _ The batching was by han 4 
= eight and an automatic timing device controlled the minimum time of 
weig an a a oma gz e e e e 
7 mixing. : ‘The cement was conveyed from the water- -front on a belt supported 
by a trestle built : along the up- stream end « | of the north ¢ coffer- dam. i ‘This belt, 
‘Tunning back from the water- front, discharged on to a second belt running» 
‘at right angles, which passed through the center line of a cement storage 
shed and up to the level of the mixer « charging floor, so that cement was nor- 
mally moved from the barge upon vi which it was ‘delivered directly to the charg-— ie 
floor. ‘When the concrete plant was not operating, ‘the cement from the 
barge could be taken from the belt and stacked in the shed for storage, later Pas 


te be loaded on the same belt for transportation to the mixer. a ‘The greater . 


_ Proportion of the cement was moved directly to the mixer without storage, 


‘resulting in considerable saving to the contractor. The mixed concrete, was 


te in 1 Lyd., bottom- -dump buckets moved over a. narrow- gauge track, . re 
2 trains to reach of the derricks that were to ‘ser ve ‘each 
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is believed that open | coffer- dams of any such area not 


carried to so great adepth erode Hind 

of the conditions to: be met in the construction. of. the New Jersey 
anchorage was insure its ; completion in time. e for the wire- spinning ng opera- 
tions. on the main— cables when the towers and ‘the New. York anchorage 
ne - should be ready for this operation.. Accordingly, the contract for the. exca- 

vation of the New Jersey anchorage tunnels (Contract HRB-3) 

face of the Palisades and for a short distance 
s should be completed by October Ae 1928, while 


T ‘his anchorage consists essentially of two inclined tunnels, 3 Or shafts, 

; in a 106 ft. apart, one for each of the two pairs of cables. In these jedinad 

_ Shafts 1 the steel grillage girders and eye-bars to which the cable strands attach 
are. embedded in concrete. These shafts were ‘made wedge- shaped, with a 


“or 


cross-section of approximately 44 by 55 ft. at the bottom and 26 by. 37 ft. 
_- the. top, the center | line having an inclination of 37° 18” from the hori 
2 zontal, The anchorage girders are located 240 ft. along + the axis sof the tunnel 
_ below the turning point of the cables, which is a short distance below the 


4 aa The roof of the tunnel was, excavated | with an_arch vary ing in radius from 
25. to 30 ft. Provision was made in the contraet t for supporting this root f with 


whatever temporary or might be required for properly and 


i 


r “safely. carrying. on the work. He was to be compensated on the basis of 50% 


of .the, actual cost of ‘the material used. and left in place after the sce pall 


completed. Although. the roof span v varied. from 26 ft. at the mouth 
at the of the tunnel, it developed that no any 
Below. the level of the future lower roadway, the segiete took the form = 
a a ‘reptangular_ pit, 47 ft. deep, 30 ft. wide, and 65 ft. long, which was” 
fits 
necessary to. provide sufficient working space during the “operation. 
ning the. cable wire. The distance from the floor of the anchorage pits to 
eae of the. bottom, of the tunnel excavation was 150 ft. along the axis of the tunnel. 


tit, a4 The cable saddles at the New J ersey anchorage were ‘supported by block 


- of conerete, | 26 ft. high and 27 by 69 ft. in plan, resting on the rock floor of 
the cut just “forward of each of the anchorage pits” (Fig. a These concrete | 
ain. masses also ‘serve, to anchor the | lateral system in the horizontal plane of the 
ne a wind chords which will function as the upper chords of the stiffening trusses 
when the lower deck is added to the existing structure. In the early design 
i studies ‘these anchorage saddles were supported on short rocker bents which 
would take « care of the changes i in cable length. be tween the e eye-bar heads and 


cable saddles. 


coffer-dams. These foundations were completed in April, 1928, and 
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‘Asteral system ion of the floor steel, it was found better to combine the support 
these saddles and the lateral anchorage into ‘single concrete mass. 
These saddles also serve as splay castings, providing for the forces incidental | 
to the splay of the sixty-c one strands from the hexagonal shape at the saddles 
into the much larger rectangular shape where the individual strands pass 
- around the strand shoes at the e eye- -bar heads and are connected to the eye- 
bars. a Roller nests are provided to take | care of the movements at this point. 
The center line of the cable changes d direction by about 10° ° at t the anchorage _ 
- saddle, but. the upper strands of the cable leading to the u upper strand shoes _ 
have only a ‘slight deflection downward. © This was accomplished by locating 
these saddles 80 as to ‘maintain a a slight downward deflection of the ‘upper — 


“~ 


of the adjustment that would result if the ‘splay or deflection of 
* strands were made ‘symmetrically about ‘the. center line of the cable, which — 
would require that the upper strands be pulled down and restrained in in the 


1 saddle after completion ¢ of sp spinning. ~ 


Ar that was to ahead by October 1, 1928, in | order to avoid farther divi tele, 


In to excavate > the anchorage tunnels with the approach cut and 
pits, the. contractor (Contract HRB-3) planned to excavate the tun- 
_ nel from the bottom upward by adopting mining methods. _ A shaft located oe 
2 beyond the north rim of the cut and opposite the back or west end of the > 
tunnels w: ‘was sunk to a level somewhat below the lowest point of the tunnels — 
(Pig. 9) From this shaft a cross-drift sufficiently wide to two 
af mine tracks was driven to the southward to pass behind and slightly below 
7 3 the lowest point of the tunnels. This location was made such that the m muck 
— from the tunnels could be drawn off through “chutes directly into the m mine 
ears and thence hoisted up up » the shaft for disposal. 
o iP, The anchorage tunnels and pits involved the excavation of 23 800 cu. yd 
“ie of basalt. , The east or river end of the ap approach cut overlying the anchorage 2 
tunnels, which was ‘to be ‘completed by October 1, 1928, required the exca- 
vation of 99 600 cu. 5 yd., while the 1 remainder of the cut t to | be completed - by 
: January 1, 1930, involved a further excavation of 97 900 cu. yd. Before sub-— 
Be mitting his bid, the | contractor had determined that advantageous arrange- pie 
ri. ments for disposing ¢ of this 22 300 cu. u. yd. . of excavated material could [be made 
by crushing it at the site and selling it as crushed rock to dealers in concrete _ 
oT aggregates, withholding only sufficient quantity for the concrete to be placed 
ie the saddle supports and anchorage ge tunnels. Accordingly, an efficient rock- a 
ae _erushing and screening plant was erected north of the rim of the cut through © 
which the rock from the tunnels, pits, and approach cut was passed and 
delivered: at ; the crusher bins to a local dealer who trucked it to a near-by site te 
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the: remainder as a and penn: 
— stoping drills eat “were to take out the full section of the tunnels a 


they progressed upward to the roof. It was’ found, however, that the slope 
nS the tunnel was too “great for the muck to remain in a stable pile or on the 
ah y floor and that ‘it did not. afford a sufficiently safe and | Secure support for 
workmen and the drills. T he procedure was changed accordingly after wall 
_ Elev. 30 300+ Dinh ‘one to 
nf Length=830ft TO wat b 


Length = 69 ft 


di 


Shaft 


Emergence i through in Top anchorage 
1 % | Bottom Bench 6500 cu yd 


Re tobe Width 30° 
928 _Elev. 168_ J ‘ot 


El 


Fig. 9. OF ‘ANC HORAG NNEL E XCAVATION, 
excavation for the full section had about half- -way up length 


the tunnels: and from that: ‘point a full crown drift taken out up 
‘where the tunnel was: holed through i into the anchorage pits. The bench 


below. this crown drift was. then shot, largely by rounds drille 
Rox. down from the bench, : some face drilling being done along the limiting planes = 


Nef the tunnel. - The program or schedule of drilling w: was varied to meet the i 
Pe shape, : size, and. position of that part of the: heading to be blasted. In general, E 


ha ‘alternately in the. ‘other tunnel the 


was the contractor’s original intention to dig the tunnels b; 
— 
— 
SA 
— 
— 
— | 
employ the muckers and drillers 
time necessary to ventilate the 


muck allowed to accumulate i in the bottom of the tunnels, access to the work 


ing chamber was, maintained by two timbered manways into each tunnel. 
mes manways, | in addition to the necessary ladders, also provided space for 


the air lines, water pipes, and the ventilating | pipes. It was vas necessary, of 

course, to carry the drill ‘steel, dynamite, and other supplies through these 
_manways. Walkways were built to overcome some of the difficulties from 

_ the sliding of the muck and to provide more convenient access from the top 


of the manways to the headings. _ These were ‘supported on transverse cables — 
which were anchored into the side walls of the tunnel. cil 


he of the long drill steel up manways and over the 


lation duct which was a 14 -in. _ spiral riveted om: leading down the hoisting 


aft and up » through the manways. 


The survey | lines and grade elevations in the tannele ‘required considerable 


tedious instrument work. Lines. and "grade elevations were projected down 


the hoisting the -eross-drifts and up the manways the 


tunnels. When the tunnels had | been “holed | through” into the > anchorage pits, | 


it. was found that the instrument work checked within a few hundredths of 


uae 


‘with After the main excavation, had been completed, the anchorige pits and 
>: 

tunnels were trimmed to « clear all encroachments within the area required 

for the ane horage steel, end preparations were made for placing the » anchorage : 

girders and eye-bars. _ The relatively small amount of seepage into the pits 
and tunnels was dra mikes. to. a sump. at the foot of the hoisting shaft and 
"pumped from point. Rubble and concrete masonry was placed to “see ral 


off the openings from the bottom of the tunnels into the cross- “drift, and con- 


with the steel. This arrangement, is well illustrated by Fig. 10, 
which is. a view of the New York anchorage. - This falsework was fabricated ar 
curately and checked so that a minimum. of instrument work in locating a 
of the main members assured the e correct location of all the anchorage 

teel. All the girders and the bottom - three tiers of the | eye- -bars were put in 
ee | order to reduce the effect of the clearance b between t the pin and. the ‘pin- ; 
holes in the « eye- -bars and girders, the eye- -bars v w ere held against the pin in the: 
direction in eon later. the cable pull would be applied. _ This was accom- 


, which passed around the 
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after the heading had advanced a little more than one-third the way up | ae 
the tunnel, an 8-in. vertical well-drill hole was sunk from the bottom of the oo | Pag a 
cut through to intersect each of the tunnels. The drill steel and dynamite 
could then be lowered into the tunnels from the surface by light, air-operated 7 —_ ee 
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> slack down s so o that the bar face 0 of e each | pin- 1-hole rested ae 


There» four lengths or tiers of eye-bars between the anchorage ya 
4 the cable strand shoes. three tiers w were placed and embedded 


tier were placed as the: spinning progressed, thereby furnishing more working 
ee - room during the spinning operation and making it possible to embed the 


ie upper or fourth tier of eye-bars after substantially all the dead load stress 


Asa precaution against the shrinkage of concrete, which would permit 
_ ground- water to reach the anchorage steel, mats of reinforcing bars s were pro- 


vied on the six faces of the embedding concrete: that is, , parallel to the side 


floor, and lower upper e end 


erected “These stop- -waters of a line of -in n. steel 
r width 


the | of the anchorage 1 mass, having one-half thei 
mbedded in the original, concrete and the other half projecting so. as to 


e nd 
be ‘embedded in ‘the final concrete. During the cable- spinning — 


into the cross-drift = shaft. 


The lining of the anchorage pits was until after r all the s spinning 


be _ operations he had been completed and the suspended structure erected, but before 
concrete deck had been “built “over” the anchorage area. Then it was 


anchored to the rock walls by -in. deformed bars spaced 5 ft. in each direc-— 


near the face with a of }-in. spaced 12 in. in 


directions. In | addition, blind drains + were provided along the water- bearing 
ad seams and brought through openings at the bottom of the wall to reduce the 


p of hydrostatic ‘pressure back of these lining walls. _ After the pits 


~ had been lined with conerete, the drainage was cut off at the bottom of the 

anchorage pits a nd the ‘small quantity of s seepage water ‘was removed from 


the bottom of dies pits into a drainage system at the level of the lower | k 


y sump pumps equipped with automatic float switches. Although he bottom 
of 


of the anchorage pits is about 125 ft. below the general surface of the top 
the Palisades, it has been found that a very small quantity of seepage water a 


y comes in through the lining. A heavy - concrete cap was placed over the top 


tion shaft, but the cross-drift wi ehaft were not back- oe: 
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New Yorx TowER Founpations 


site of the New York tower is on Fort Washington Point 
-Tises to an average elevation of 10 to 12 ft. mean high water, with only 
two. small inlets where the rock surface falls below the level of high tide. 

; ‘The preliminary borings showed sound rock, but pevelatent reports, based on 
‘soundings, that this rocky promontory ‘was ‘undercut by the river, ‘and the 
_ sharp slope of t the rock toa considerable depth, made additional exploratory. 


“core borings desirable. These further borings: clearly indicated a distinct 4 
fault i in the r rock structure ‘about: 200 ft. east of the site, which \ was ‘apparent 


‘the rock cores” showed that the bedding » toward the river. 

- The elevation of t of the top « of the pier is the same as on the New J ersey side, 

; and ‘provisions w were made for the same dimensions of the finished 1 pier. How- 
“ever, because of certain delays that occurred in procuring the right « of way ; 

Fort. ‘Washington Park, it was decided to omit the granite facing tem-— 

porarily, in order to save time necessary for selecting, quarrying, 
cutting the granite, and thereby to advance the date on which the erection - 

a of the steel tower could be started in the : spring x of 1928. % The granite facing 


m on this pier was placed in the fall of 1932 and a 1-ft. iron picket fence was 


built around the top of the c coping to prevent trespassing on the structure. — 
T The New York: tower fou ndation, erefore, consisted of two rectangular 
Bessy piers each approximately | 76 ‘ft. by 84 ft. 6 in in. "at the tower base, 
7 with footings 80 ft. by 88 ft. 6 in., ‘to include the granite facing. ‘The - top : 
"surface was reinforced with two mats of 1-in. ‘Square rods spaced at varying 
distances from. to 18 in., center to center, in both directions, and a single 
mat of similar ‘spacing on each face. ~The faces were built with | 2-in. hori- 
F zontal offsets spaced 2 ft. : apart. Hooked 1 1-in. rods, spaced 2 ft. 8 in. verti- 
cally and 10 to 18 in. horizontally, were were used to ) provide a bond between the _ 
g The plans called for the rock to be excavated to Elevation — 11 in the 
south pier and to Elevation — -6 in the north pier, which plane it was believed — 
would pass well below any surface seams and would provide an ample 
8 or ‘shoulder of rock along the river face of the pier. The inlets, where the 
‘proposed excavation was below the river surface, were Teadily cut | off by a 
short section of wooden sheet- piling along the ‘south face of the south pier 
and by a rock dike backed with clay or silt along the north face of the north — 
pier. -When the excavation was well advanced, a clay- filled seam ‘extending 
under substantially the entire area of the south pier was encountered. This 
seam was from a few inches in thickness to scarcely more than a bedding» as 
plane. p: The slope of the bedding planes toward the river was also somewhat 7 
more than had been expected from core borings. accordingly 
etermined to remove a considerably greater depth. judg- 
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inelined holes down the river slope proved to be in sound rock for a consider- 
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ment and decisions in all similar cases was enek upon by Charles P. Berkey, ; 


c. C. E. The final excavation was extended down into sound rock 
an average elevation 15 in the south pier. and to an average elevation 
—5i in the north pier. ~The quality of the rock may be judged by ae 


insure the completion of these foundations time for the 
‘erection ‘at the earliest practicable date the ‘concrete was mixed in a 

plant located on a barge. moored alongside the: site. ‘Since the quantity of 

: concrete involved was relatively small as compared with the anchorage nas, 
this made no material difference i in the cost to. the contractor and enabled © 

him to have ample time to set up the more elaborate plant used for handling 


and mixing the concrete that went into the anchorage. — 


‘The New ‘York anchorage | site is in Fort ‘Washington Park just 


Riverside ‘Drive, opposite city block ween 178th’ and 179th Streets, 
a Manhattan. ud The location of Riverside Drive placed certain limitations upon 


the length of the New York side : span. To have located the anchorage east 
of Riverside Drive would have resulted in a side span slightly longer " than 


desirable or compatible with the design of the towers. The longer side | span 


would have subjected the tower to considerable deflection under 


varying live load than is the case with the shorter side span. The ‘selection 
of the site for the anchorage west of Riverside Drive resulted in a somewhat. 


shorter side span than been in the of long- span 
is 


ty 
suspension: bridges; b 


aiid the preliminary ‘supported “the earlier decision ‘suitable’ 
foundations for the anchorage structure were available without excessive 

Stripping of overburden or excavation of rock. 

anchorage structure as designed consists of a mass of concrete 


2% approximately 200 ft. in the dimension | transverse to the bridge axis and = 


me 
ft. in the dimension along the bridge axis, rising to a height of 85 ft. above 


1733 


_ Riverside ‘Drive and approximately 120 ft. above the low point in the rock, 
which was about midway of the length of the anchorage. _ The shits 
s not a solid rectangular mass; 3; only the ‘rear or. easterly third is prac- 
‘daly’ ‘solid with the two wings extending to the west, the extreme ends of 
wie constitute the buttresses for the support of the anchorage eable saddles. q 
‘Because of the great dimensions of mass, with its resulting shrink- 
during the process of cooling and setting, three expansion keyways were 
provided; one longitudinal to the center line dividing the structure into 


a. north and south halves and the other two ‘transverse to the center line and 


These keyways, 7 ft. wide and extend- 
structure, were left open 
ae above Elevation 100 w ntil all the concrete had been placed. The longitudinal 


“George Washington Bridge; General Conception and Development of Design,’ 
0. H. Ammann, M. Am m. Soc. C. H., Proceedings, Am. Soc C. 1083, p. 1016. 
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‘the able, floor system, and concrete ah: were in effect so that the deforma- 
tions the axis of the could before the keyway wi was 
“The that upper tiers or links of eye-bars was also’ 
4 omitted until 1 the dead load was acting on the cables. — This concrete and — 


that for filling the two transverse keyways were placed | by the contractor 
for the after all that pavement had been in 


age strasture, | provision was made for certain drainage be exca- 
vated into the rock on the high side of the anchorage girder pit excavation ‘ 
. with: the idea of intercepting at least a portion of the ground-water and 
thereby reducing the water pressure against the embedding concrete. A 
_ more intimate knowledge of the rock structure at this particular site, as 
developed by the final borings, made it evident that thoroughly satisfac- ; 
tory results would be obtained by  drivi ing a single drainage tunnel through — 
: along the low point in the rock, which happened to be located at the trans- 
"verse center line of the structure. . Fortunately, the rock floor « continued at a 
low elevation to the south, so that it was possible to drain this tunnel by 
gravity without rock e excavation, , thereby materially lowering the ground-water 
__ The overburden and the disintegrated mica schist that had to we stripped 4 
seldom exceeded more than 2 to 6 ft. * and along t the line of the ‘anchorage 
girder pits the rock was: found - to be unusually sound, closed- grained, a and free 
from water- bearing seams, so that the wisdom of ‘the decision to omit the 
- drainage tunnels was substantiated thoroughly by the conditions encountered =, 
during the excavation. Ih the northwest corner, however, it was found that 
the x roek was badly, disintegrated and since the at the westerly = 
of the anchorage carry the thrust from the anchorage cable saddles, it was 
necessary to excavate somewhat deeper than had been en contemplated at 
The anchorage | structure is without reinforcement except at the s worfacs, 
ii. all exterior faces, where it consists of 1- l-in. square bars on 18- = 
centers both w ways. | On horizontal surfaces and in certain parts of the struc- 
somewhat ; more highly stressed the bars were ‘Placed o on centers. 


with hooked 1- -in. square rods, spaced dient & ft. each way. | These r rods pro- 
vide for bond between the concrete and the granite face that is to be added 
at a later date. A reinforcing mat was ; also . provided in in the surfaces in con- 
- tact with the rock in the anchorage girder pits 1 to give additional 


“to reach the anchorage girders. ~The ‘precaution | was taken of 
concrete lining of the anchorage girder pits as a monolith. grillage of 
rods was also placed beneath the anchorage cable saddles. 
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_ keyway was filled upon the completion of the concreting operatio be 
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GEORGE ORGE WASHINGTON BRIDGE Papers 
ad “Recognizing the time element involved in obtaining the eyebars and 
anchorage girders for this structure, ‘provision was made in the contract for 
_ the cables, for tl that contractor to deliver the anchorage | steel at the site with- 
out expense to the anchorage contractor. Provision was ‘also made in the 
for the steel falsework to support the anchorage “material previous: to 
its embedment (Fig. 10). As described for the New Jersey anchorage there 
was also a a requirement that the eye- -bars be held against the pin shown 
The « concr ete for the anchorage was s designed for a compressive ciate 
of 2.000 Ib. per sq. in. in 28 days and was proportioned by the water-cement 
ratio method was the practice other foundation structures), with 
an) The 110 000° eu. yd. of concrete involved in this structure justified a a care- 
study of the plant to be selected for its accomplishme: nt, and 1 no doubt 
successful bidder on. on Contract HRB-4 was aided materially in the — 
he was able to bid by his confidence in the belt- “conveyor plant that he adopted. 
In gener ral, the writer understood that at the completion | of this contract the — 
cost’ of moving» the cement and concrete aggregate by belt from_ 
the dock about 1000 ft. distant to the structure was less than the cost of 


the ‘material from the barges to dock. Because such belt- 


‘conveyor for ‘moving the cement ageregat ates from the dock to the 
structure 


eu. 
hour day. The entire mass, 000. eu. » was put 
place in 1 54 months, or - somewhat more than 2 months ahead of the schedule. 
This was accomplished by a modern, electrically-operated mixing plant on 


- the ‘south side of the anchor age, approximately opposite the transverse center _ 
Time, Fig. 16 shows the ; plant layout. tedlwontoe stevie of 
= Sand and gravel were unloaded from barges by stiff-leg derricks and placed 
in separate piles over a 6 by 6- ft. wooden tunnel, 300 ft. long, which paralleled be 
.} the dock. an gates i in the roof of the tunnel under the Piles of agere- 
be 1 Sand ‘and 
“were dumped upon this belt : as ‘needed. The belt. t through 
‘ the tunnel discharged directly upon a pair of belts in series which carried the a 
‘aggregates up the incline of Fort Washington Park to the concrete plant. 
An interesting feature of the ryote is the comparatively steep grade negotiated, | 


a capacity th more than 300. tous p per hour and discharged into a » 300- ton 


‘storage bin at the top of the mixing plant. 


. Cement was handled in bags directly from barges to the dock bp 


er on the. barges. _ A’ continuous belt from the dock to the mixing plant was 


located directly under the second and third sand and belt. bags 
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oe will be devoted to a more detailed description of the plant used in construct- 4 
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J anuary, 1 938 
were placed o on this belt by hand. As wi will be observed from Fig. 16 the belt _ 
passed through a ¢ cement storage house near the water-front. Thus, the © 
exinent co could be taken off: for storage OF earried directly to the mixing plant 
as required. The cement belt had a capacity of 50 tons per hour and dis- 


z= on to a covered platform at the charging level of the mixing plant. 


The ‘bins at the the mixing plant had a capacity of 100.1 tons of and 


in. Belt Conveyor 


Counter- 
weight | Chute 


26-in. Belt Conveyor i | Sand and Gravel Belt Conveyor 5 
Gates 26-in. Sand and Gravel Belt Conv 
\SandPile 
Conveyor Tunnel 390 ft per min; 300 tons per hr 


Cement Storage house per min; 50 tons per hr 
<, Engine House Scale in Fett 
16. PLANT Layout (FOR ‘TRANSPORTING, AND ON 


tons of gravel. ih Under ‘normal operation the cement was delivered to 


_ charging pipes at the r rate of using in order to avoid re-handling. Only 


the excess due to short shot- downs was piled. of 2000. bags 
provided on the covered platform at the charging level. 
Two 1- yd., electrically operated, automatic time mixers were charged by 
single weighing batcher r plant. These mixers dumped the concrete in into 
common ‘receiving hopper 1 which, in . turn, discharged to a belt conveyor, 125 
te long, operating through the temporary tunnel through the south wing of 7 
“the anchorage structure. This belt discharged into a receiving hopper at the as 
base of a 260-ft. tower at the center of the anchorage. 
‘steel hoisting: tower was equipped with t two chuting systems, each 


q 
consisting of at boom chute, from which was a 75-ft. 


‘This. bucket traveled at’a speed of 380 ft. p per min., and was. operated bya 


hoist driven aie a _ ‘h. p. electric motor. The same ne hoist could also be used — 
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GEORGE WASHINGTON B BRIDGE 
to Sienile’ the chute booms and the lifting frames of the chute. system when 
adjustments i in level were being made. discharge of the counter- 


the segregation which would follow if it was allowed to be discharged at at any 
angle much from the vertical. ‘flexibility of the chuting system 
that practically all the concrete could be into its final posi- 7 
tion with almost no rehandling by hand. 
In this large mass most of the co concrete was ‘placed in “about ft. | layers 
with the « consistencies used, practically x no 10 tamping was s required. With 


hy for all contracts. on on the George Washington Bridge eall- 
ing for concrete, provided for the use of the cement-\ -water tTatio method ine 


proportioning the mixtures. ‘The strength of the conerete desired was . named 


“The proportions of the mixture of fine coarse aggregate 
ggregate shall 


not be less than ‘the fine aggregate nor more han twice the fine aggregate. 

We It was required that the « contractor should advise the engineer r of the source 

of the materials he proposed to use at least thirty-one days” before the first 


_ concrete was to be placed. Samples were taken ‘and tests were made, from 
which it was determined what the mixture should be, the cement-water ratio 
having be been stated in the specifications. 
From: time to time throughout ‘the work under each contract, samples w were 
a taken from the concrete, both at the mixer and from the forms, , and made into — 
” cylinders for tests s of the actual strength and densities obtained. ii - Adjustments: a 
_ in the mixtures were made from time to time based on the variations in the o. 
; fineness modulus of the concrete aggregates. The water content of the sand - 
was checked from time to time in order to maintain control of the total water 7 


each batch. 3 The test cylinders: used. were in. made by the 


ing concrete “specimens in ‘field (Serial Desigastion, 031: 21). The « con- 
Bs tractor was required to supply adequate space and facilities at or near the 
aA mixing plant for making the cylinders. Occasional check tests were made ial 
the Field Staff of the Port ‘Authority’ s laboratory in Jersey City, N. J. bation 
; Contracts involving concrete provided for the furnishing of the cement 
2 at by the eontractor to the Port Authority at the contractor ’s bid price per 
1 -, 8 o that the Port Authority retained complete | freedom of judgment 

as to any variations in the mixtures that might prove ‘desirable. equity 


as between the Port Authority and the contractor is course ‘maintained 
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to allow the concrete poured to be brought up more than 4 ft.atatime 
Greater depth would invariably cause the excess of water to be “squeezed out 
is quite impossible to avoid this increase in water content entirely no 
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- within the > reasonable limits commonly experienced with the aggregates avail- 


i in the commercial markets tributary to the bridge construction. 
2 It was provided that the consistency or r workability of the mix should be > 


_ measured by means of the slump test made i in accordance with the tentative — 
specifications: of the American Society for Testing Materials (Serial Designa- ; 
tion, D138-26T). The ordinary slumps required were between 2 and 3 in, 
~~ of course, eek’ were cases in which departures were made from these 1 nor- 
mal consistencies. Asan explanatory phrase to the contractors it was stated in 
the specifications that if, at any time, the contractor desired a more workable 
- mix than that obtained under the 3-in. slump, he must obtain the result by 
reducing | the ‘total quantity of aggregate ‘per batch 1 and not by the addition 
The s provided i in general that all concrete should be produced 
ina central mixing plant and that previous to the beginning of the work, | te, 
_ the contractor must secure the approval of the engineer for the methods and 7 _ 
apparatus he proposed to use. xcept for the New Jersey anchorage all the 
concrete n mixing plants o on the foundations that are e the subject of this pay paper, 
— provided with weighing batchers and time-control devices on the dis- 


charge lever of the mixer. For concrete used in the approaches to the bridge 


| and for New Jersey anchorage pre- -weighed batches were hauled to 
| job in batch compartment trucks and mixed in standard paving mixers. In 


a few | eases, for isolated operations at | times” when some of the main plants — 
were not in operation, ready mixed concrete was used. “Little difficulty was 
in getting satisfactory results with the ready mixed product, 
a but the precaution was: taken to maintain an inspector at the plant during 
the time that the product was being delivered to the bridge. aA woud 
In the case of the concrete used in the tunnels of the New Jersey anchor- 


age a brief study v was given to the possibilities « of getting a dense, von 


- concrete without spending too much for strength. There was no escape, how- 


ever, from the generally accepted principle that imperviousness" and strength 
follow along substantially parallel curves, so that considerable | strength was 
built inte the concrete in the New Jersey anchorage for the sole purpose of 


obtaining an impervious concrete where ‘the ateeagth was not essential. 
jo In the case of the concrete used | on the deck of the main bridge, the aggre- 
‘gates were hauled to the job_ in bulk, batched at the New York anchorage, 
and hoisted to the deck level. The dry and unmixed aggregates were then 
transported ober the deck to the mixer alongside the point of deposit, 80 that . 
the mixed concrete could be discharged directly into place in th the deck slab. 
This was done in order to maintain a more precise control of of the wate 


ak 
content, which was | 80 vitally necessary i in producing a pavement of satis- 
Be strengths obtained on the concrete used in the four pr principal foun 
described in this paper are shown in Table 1. To 
In general, the results obtained on the various contracts for the George 
Bridge fully demonstrate the economies possible by the ‘use of 


a the cement-water ratio method in n proportioning concrete. There were a a few P- 
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instances, however, which demonstrate most forcibly t the e dangers involved 


where some unthinking individual atte: mpts to follow the formulas blindly 

_when the results. clearly indicate that some blunder in the computations has’ 
made, _ The writer is thoroughly convinced that still further economies 


HS oF TEST CYLINDERS, Founp ATIONS OF 


Num- | Breaking | Num-| Breaking | Num- Suaioa | Num- | Breaking 
strength, | ber strength, ber strength, ber strength, 
in pounds |_ of in pounds & € in pounds | of | in pounds 
per square | cylin- | per square li per square ” ay per square 
i ders | inch | inch 


years. 
years. 
eee 


e ean be accomplished as the methods of handling concrete from the mixer to 


position in the forms are so ‘that workability is obtained 


Mi The work of the construction of the New J Jersey pier and tower founde- " 


ions, 1s, known as Contract HRB- 2, was performed by the ‘Silas Mason Com- 
pany. Francis Donaldson was Chief Engineer and H. L. Meyer, Superin- 
-tendent for the Company. ' T he excavation of the New Jersey anchorage was 
done by Foley Brothers, Incorporated, Contract HRB-3, for which, Carl 
a Swenson was General Manager, J ohn Holmes, Superintendent, and G. H. 
= Both the New York tower foundation and the New York anchorage were 
- eombined in one contract, HRB-4, ‘the Arthur McMullen Company, Con- 7 


tractor. ae For the contractor work was under tl the of 


Son. Cc. Resident Engineer, of the New J ersey "section during 


the period of construction of the New J ersey tower foundations and the . 

"excavation: of. the New J ersey anchorage, and R. H. -Hoppen v was Resident 

_ Engineer, and R. Wheadon, Assoc. M. Am. Soe. C. E., “Assistant Resi- 

dent | Engineer, of the New York section during the | construction of the code 
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The erection of the towers, cables, and the floor the George 


Washington: Bridge is described in this ‘paper. The general ch characteristics 
of the steel superstructure ar ar 


ent is given of the ‘erection methods andl of the the 


three distinct parts of the work—the towers, Alin cables, and the floor stee 


is discussed separate ely i in the in which the work was done. by 


‘The e erection of the large quantities justified un usual attention to detail 


and ‘refinement in equipment. The entire “project. proceeded. according to a 


4 carefully prepared ‘construction program which was substantially adhered to - 


throughout. The equipment used and methods pursued are, 


Sate ‘wo contracts for the steelwork for the main structure of the - bridge—one 

for the towers and floor ‘steel combined, and the other for the wire ceables, 


s suspenders, and anchorage steelwork—were executed November 4, 1927. In 

s fourteen bids | were received for the work from five different contracting 


both wire cable and eye-bar cable designs. 
both were permitted to submit proposals: for the entire 
- steel structure, or for the towers and floor steel as one contract, and the cables, 
‘suspenders, and anchorage steelwork as another. An opportunity was given 
base the bids upon alternate programs of erection—“simultanecous” 


z= NOTE. —Discussion on this paper will be closed in April, 1983, Proceedings, = | 
wah 1 Asst. to the Chf. Engr., The Port of New York Authority, New ‘Tork, | i ae 


Engr., The Port of New York Authority, New ‘York, N. Y. 
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jon contemplated the | construction of the 


As 


Bate 
‘system. Snoccestve erection contemplated the construction of one of each | 
pair of cables prior to the erection of the floor steel and the construction of. 
remaining cables immediately thereafter. 


98 For the wire cable design, alternate ‘arrangements were also offered. 
Cables | could be built with the two cables of of each pair arranged side by side 


one above. the | other. ZA W HO 
- The lowest combination of bids 1 seusived. was that for the towers and floor 
steel | as one contract and the wire cable construction as another ; the latter 


bid was based on cables arranged side by side to be built by - the program of 
successive erection. By mutual agreement, this was changed later to the > pro- 


‘The contract for the and floor involved furnishing and « erecting 


: | approximately 40 200 tons of structural steel i in the towers and syprozimataly 
- 19100 tons in the floor system. The « contract for the cables and anchorage ~ 


_ steelwork involved furnishing and erecting approximately 28 300 tons of cable — 


wire, 170 200 lin ft of 24-in. steel wire suspender rope, about 6 000 tons of 
7 structural steel and castings, and the furnishing, but not the erection, of about 
- 2200 tons | of structural steel (eye-bars, pins, and girders) for the New York 


The steel superstructure has: been fully described in previous rs of 
- this series dealing with design. However, brief descriptions of the towers, 
cables, ar and floor steel are included with this paper, in order that the reader 
_ may have clearly in mind the features. essential to an understanding of the 


oe ‘The Towers.— Each steel tower* is essentially an assembly of four rigidly ; 
connected bents. A pair of columns composes each leg of a bent, the inside | 


column being vertical in a plane right angles to the axis of the bridge, 


. while the outside column slopes in toward the top with a batter of # in. - per 


ft. __The columns forming a leg a are spaced 47 £t 6 in. from center, to ) center 
top while a 
108 ft between centers is ‘maintained throughout the height of the — 


—— golumns of the two legs. All bents batter toward the transverse axis of the 


Bs atest the outside bents, ts in, per ft and the inside bents ve in. per ft. The 
spacing between the bents ‘at the tower | base—18 ft 8 in. from 


thus reduced to 12 ft 6 in. at the tower top. 


oe _ The towers are 559 ft 6 in, high from the top of the pier (15 ft above | 


"mean high water) to the top of the tower at the base of the cable saddle 
grillage. Vertically, the towers are divided into twelve panels which have 


font 
a dimensions for the two towers because the roadway level at the ee 


ersey tower is 16 ft 6 in. higher than at the New York tower. The panel 
n. to a minimum of 38 ft 3 —— 


heights vary from a maximum of 56 ft 6 in. t 
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in. "The area of all in the is 7 in, 
Tho columns, are spliced each panel ‘point. i They sre of 


‘The: Cables. —The four 36- in, cables. are 2 in pairs spaced 106 ft. apart; 
the cables forming a a ‘pair are e arranged side by side, 9 ft between centers. Each > 


eable contains 26 474  cold- -drawn galvanized steel | wires, 0. 196 in in diameter, 


which are grouped into 61 strands: of 434 wires, , each strand thine: indepen- 4 


4 _ dently attached at the anchorage to a pair of eye-bars forming the upper links © 


of. a chain extending down into the concrete of the anchorage, to terminate 

At the towers and anchorage iettonionn, the cables are carried on cast- 

ul 

“steel saddles. Those at the towers are of unusual size, 84 by 28 ft in plan, 

weigh approximately 180 tons. Rollers under the saddles at the towers 

ns for motion due to changes i in loading conditions during construction. _ 


Rockers care. for the more limited motion of the anchorage due 


ie these changes, combined with temperature changes during and after 


a Cast-steel cable bands, bolted together in halves, encircle | the cable at each a 
panel point. Two grooves in each band retain the suspender rope loops, thus 


ee ae four parts of 24-i in. _ wire suspender r rope from each cable for attach- 


a The Floor Si Steel. —As : now in place, the floor system is a ‘single deck only, . 
without ‘stiffening trusses. is 118 ft in over-all width, ‘providing for a 
; Raley: 90 ft wide between outside curbs, the roadway space being divided 
into ‘three parts by intermediate the two outside ps parts only being con- 


The main transverse floor- 


_long—are spaced at 60- ft intervals and are attached to ‘the socketed ends 
of the suspender 1 rope groups. Eight longitudinal roadway stringers in each 

eee varying in depth from 5 ft 4 in. to 5 ft 8 in. ., frame into the floor- 


beams: and carry secondary transverse 16- ‘in. IT -beams, ‘spaced at 5 ft 2-in. 


"intervals. The main reinforcement of the concrete deck consists of 6- in a 


= -beams, ‘spaced 15 in. in. from center to center running longitudinally, s sup- 


ported by the secondary y transverse beams. A longitudinal beam adjacent to 


‘oa roadway curb and a fascia stringer — the sidewalk beams, which a are 


Stress expansion in the roadway and sidewalk is ‘provided at each panel. 
‘The longitudinal members framing between the floor-beams are riveted ante 


the floor-b t d, but lef eens 

__ the floor-beam at one end, but are left free to move at the other, 

The roadway floor-beams are held rigidly spaced by continuous wind 


= which passes through the floor-beam about 6 ft from each end. The 


tiffen- 


+. 
_ The columns are single-cell -box-sections, with webs or extensions pro- us 
-_jecting at the corners and are of varying sectional areas. The maximum @ oe 
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ing won when the deck is at a futu 
‘plates for "connection with the other members ¢ of the truss are 
attached to the chord, but are left blank to be drilled ee the stiffening 


_ Expansion joints for temperature changes for the floor system are 
vided at the towers. The wind truss, which consists of continuous lateral 3," 
bracing in in the plane of the wind chord, terminates | at ; the tower ina‘ strut 
- member on the center line of the bridge. The wind reactions are transmitted 


from 1 this member to the tower steelwork by guides between which the strut 


‘feats. freely under normal conditions. The stringers: in the panel adjacent 
to the tower are designed to slide freely o on the steel framing of the tower 
floor. At the level, bar-grating expansion are provided. 


Tower EReEctT1 

Erection Equipment. —The conditions | peculiar to towers, especially 

area occupied by the « ‘columns « composing » each: leg, led to the design of an 
erection travele with two stiff leg for the erection of each 

The derritks carr by a steel framework that spanned the opening 

between the tower legs, as shown in Fig. 1. _ Two transverse trusses of t! this" 


river and of the towers. These trusses were braced together 
adjustable struts and cable guys. A pair of longitudinal trusses, 
parallel with, and 13 ft ‘inside, center lines ‘of the inside 
were framed above the transverse trusses and were” -earried by them. ‘The 
masts of the stiff- leg derricks were set up on these longitudinal trusses, 
7 approximately 12 ft back from the “river face of the tower, at the point of 
framing a a transverse connecting truss, T4. The transverse and longitudinal 


trusses carried the reactions of the stiff- legs of the derricks, Bracing mem- 
were provided in the and lower chord planes of the longitudinal 


“a The batter of the columns at the tower faces introduced a a special problem ey 


in the traveler” design. The distance between the. outside faces decreased a 
varying amount at ‘each panel, the total decrease from the lowest to the 


highest positions of the traveler amounting to 15 ft 8 in. Itw was thus neces- 
to” decrease the spacing between the transverse trusses that carried 


the reactions to the tower columns, at successive positions of | the traveler. To : 
meet this condition rollers. were e provided at the points of bearing of the lower 


- chords of the longitudinal trusses on the upper chord of the shoreward trans- 


verse truss. The arrangement is illustrated in Fig. 2. The shoreward 


| 
| 
| 


“system, To f facilitate and insure necessary adjustment, two 20-ton tele- 
scopic jacks were e provided. After each jump of the traveler, before 


ceeding with steel erection, longitudinal trusses were lifted from 
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am The 1e transverse trusses that spanned b between the tower legs were nesdmnbled 
in two stages. As first erected, it was necessary to omit the end posts, a 
section of the bottom chord, and the end agente of each truss, since these 


‘members would have. fouled the pedestals. the 


ing at the piers. At the ae York tower the reactions were -ennetull to rock, 
_ near the inside faces of the piers, by means of temporary posts. owl’ 

has The transverse trusses were completed when the traveler was s advanced to 


out their length the columns are stiffened by diaphragms on Sia inside =e 
between the webs on the outside, . at intervals of 64 to j ft. The outside dia- 
phragms, when properly reinforced, were utilized to support the traveler, 
forming seats for t the kicker posts, which were pin- connected to the transver se 
‘trusses. An eccentric thrust caused by pulling the ‘post in to. engage the 
‘shelf angle was. overcome by a yoke of channel sections and rods” which 
‘passed. around the column and eeu the transverse truss against the column 
at the pin connection. . The total weight | of the traveler was’ approximately 
820 tons. The were equipped with 85- ft booms, Their loading» 
was permissible for both booms to handle their maximum loads simul 
taneously, provided that in so doing neither ‘should encroach upon ‘an are: a 
directly in front of the 1 traveler. . Within that area the maximum permissible _ 
load for either boom was 10 tons if, at the same time, , the other boom was — 


ati 


driven by two 150- hp, 440- volt, three- phase, 


motors, and each unit comprised seven drums—two for the main | load falls, 
two for the boom falls, one for the auxiliary load falls, and two for jumping 
the traveler. The seven-drum engine was practically a coupling two 
-engines—one of four: drums and one of three drums, end engine with one 


ae he boom falls consisted of twenty-two parts 0 of + in. eabl le and the auxili- 


ary load falls of two parts of 1-in. cable. The main load tackle consisted a 
parts of, in. ‘steel cable ina single | length of 9 800 ft reeled on two 


ft per min under a tension ot of 20 000 Ib. | When the drums were operated to- Be 


® Be 


gether this had the advantage of double hoisting speed and better distri- 
of the hoisting load : among parts. Even with this arrangement, 
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GEORGE WASHINGTON ‘BRIDGE Papers 
‘The traveler was “jumped’ d” or advanced from panel to panel by means 
of four beams of box-section, terme “eat-heads,” set up on the tops of the 
{nside column rows. (See Fig. 2.) | Each beam was carried by two. columns» 
and projected far enough beyond the outside column to ‘support an 18-part 
Lin. wire- rope falls above an end of one of the two main transverse trusses. 
The at attached projecting splice material at at the tops of the columns made it 
impossible to rest the beam directly. upon the milled ends of the sections. 
Two sets of plates were framed transversely to the box-section an and held it_ 
above the projecting column splicing material. The plates: were milled and 
bore upon the milled ends of the column sections. At points where the 
bearing plates of the “cat- head” were of Jess thickness than the column web 
Wis 
material, shim plates | were used to fill the s space between column splice- -plates; 3 
and the bearing plates were e then b bolted temporarily to the splice-plates — of 
a An interesting feature of the traveler equipment was the safety device 
"provided at each of the four corners of the traveler to prevent it from 
alent in case the jumping falls failed during the process of advancing 
from one position to the next. ‘The device was designed to function by 
forcing” wedge-blocks into contact between. the outstanding legs of column 
-_ Pry steel castings fitting a around these angles, the falling motion 
causing the gripping action. . The castings were pin- connected by links to 
= upper corners of the transverse trusses. is Two sets of wedge- blocks worked 
together; one set was tap- riveted to ‘the | casting while the other set was made 
to follow along during the jumping operation by means of a -counterweighted 


line that passed through sheaves at the ‘ “cat- head.” = The line’ passed through 


= 


the functioning of this safety device w was never 
satisfactory system of electric signals” was devised for the operation 
oft the derricks. A signalman at the point of erection operated a small portable 
panel of electric -push- -buttons which controlled ‘signal lights at the engines. 

‘For each drum, or set of drums, white and red lights were provided. The 

vis 

= "engineer hoisted the load or slacked of only while the corresponding indi- 
 eator bulb remained lighted. _ This system of signals was especially effective — 
and accident- “proof since the maintenance of a light required a continuous 


pressure on the button i in the hands of. the signalman and a discontinuance 


When designing equipment the use a telephone system with 
phones for the engineer had been considered, but was decided against in view 


2 the possibility of | serious ‘accident that might result ‘through failure of 


the order to stop the operation in case of incapacity of the signalman 

failure of the 


Provisions ‘for Handling Material. —The tower locations are such as to _ 
facilitate the delivery of materials by car- -float. The piers of the New J Bi 
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tower are just offshore, with ample depth for mooring car- -floats on the river- ¢ 
ward side. The ‘steel sections: were thus picked directly from the cars and — 


_ hoisted to position in the tower. Clusters of piles were located north and oA 


south of the piers to assist in the manipulation of the car-floats. 
foundation piers: of the N lew ork tower are situated on ‘the rocky 


point of Fort. ‘Washington Park, approximately 80 ft hack from the water’s 
edge. Here it ‘was “necessary to docking and means of 


truction of a substantial ‘temporary unloading dock _ 
in front of ‘the tower offered | a because of the sharply sloping rock 


a) 


stiff. leg derrick was erected in position to the steel 
derricks. By this means several carloads of material could 
* unloaded and stored in front of the tower. — However, the main point of | 
storage for the» materials of both towers and, , in fact, the point 
torage for materials for the New Jersey tower, was at the Jersey City, N. J. ° 
‘terminal yards < of the railroads, approximately ten ‘miles down the : river. 
Here, the fabricated steel was brought a and placed in ground storage to be 


reloaded on cars and ‘Placed om car-floats as needed for erection at the 


Erection of New J pam Tower— —The two towers were erected simultane- 

- ously, requiring a duplication ”s equipment and practically a separate field 
organization, all, however, | co-ordinated under one general supervision. In 
the main, the same method of procedure was followed in the erection of the 

two: minor variations being made to suit the particular conditions 

a encountered. — The New Jersey piers were completed | several weeks in advance 
a of the New York p piers, permitting erection of the steel for the New J ersey 
to be started six weeks earlier. In consideration of the foregoing facts 


the following description of the erection will outline the ‘Procedure at the ag 
7 New J ersey tower, afterward noting the points of variation and the p — 


In the course of the description reference will be required to the columns, 


‘bents, and panel ‘points. This” reference need cause” no con 

of the extremely ‘simple of designation used 

work. The bents were identified by numeral and the column rows by! letter 
west to east the four bents composing the New ersey tower were 


- numbered 1, 2 2, 3, and 4, “respectively. The enumeration was continued in 
the same manner for the New York tower bents, which were 5, 6, My Fees 8. 


directly above the pedestals. Using this. system of any point on 


| 
__ The cribs were anchored in the rock bank and tied back to the tower of 
_ foundation. The broken rock-filling was placed to a height 3 ft above high __ eat 
d — 
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either tower could be readily indicated, and in a manner which | ‘insured — 
against confusion between the towers. For example, Panel Point 10 of 

the column at the northeast corner of the New J ersey tower was designated — 
410 (Column Row D; Bent No. 4, and Panel Point 10). The same point 
of the column at the northeast corner of the New pgm tower would be D-810 4 


Row. D, Bent No. 8, and Panel Point 10).‘ ¥ 


by -derrick- boats and stiff- latter the 
pier for the purpose. — . The contractor began assembling the framework of the — 


_ traveler on May 29, 1928, ‘The trusses and derricks were e erected, the ‘engines 


first of the sixteen podeniale were > set on June 23, 1928, ad “off 


_ The pedestal is a built-up structural member, 14 by 14 ft in plan, and 


6 ft 6 in. high. It is anchored to the pier by six in. anchor- bolts, those 
for r the “pedestals « of the bent at the river face of the tower embedding — 
12 * 4 in. in the concrete masonry, and the remainder of the bolts embed- _ 


pede stals for the New J were delivered to the site com- 


var 


~ 


of the piers we been finished - off to a level atts ote in. ‘tei than 
‘the required elevation for the base slabs of the pedestals. Corrugated - pipes — 
had also” been set a at ‘the a anchor- bolt locations at the time the « concrete was 
Sy 
As a first” step, a pair of were set, one at either side 
of the pedestal location. These were carefully adjusted to grade by 
‘instrument observations s and were f fixed in position by quick- “setting cement. 
e After placing wooden ¢: caps over r the corrugated | pipes that provided the ‘open. 
holes fe for the anchor-bolts, a stiff m mortar of 1 part sand and part cement, 
a consistency 2 _approximating putty, was spread over "pedestal area, 
pads, set to receive the pedestal and to insure exact elevation. Pe, 


- The mortar was reduced to a plane approximately + in. higher than the 


final elevation for the base of the pedestal. ‘This leveling process was 


x accomplished by rolling and by striking off ‘with a sereod board between the 

rails. The wooden plugs w were then withdrawn from the anchor-bolt 

pipes and 1 the bolts eqnipped with pilot nuts, were placed and grouted. 
Finally, the pedestal was picked and lowered into were and brought to 

bear upon the four corner pads; 

oa These pads are worthy o of a detailed description. A 4-in. steel plate was 
first set to exact elevation. Upon this was placed an assembly consisting 

Oe / two bronze plates separated by a steel plate with a gib. A 4-in. steel plate 

i was placed | in turn on these. Other } plates, of various thicknesses, were fur- 
nished, such that refinements of in. in the adjustment of this corner-pad 
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3.—SETTING PEDESTAL FoR New YORK TOWER 


~ 
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January, 1983 
assembly was “possible. The permitted the withdrawal the 
entire assembly after the mortar had set. ath 


yt At first, the mortar was 2s made very + stiff E and it was necessary to Place 


4 ~ other: pedestals on on top . of the one being set, in order to force it down upon 
corner pads. Later, a softer was used, which permitted easier 
manipulation. Excellent “results “were secured by this method ¢ of ‘mortar 
bedding. — In one case only was it necessary to pick a pedestal that had 
been set. An error of ds in. was detected in its adjustment. _ When lifted 
from position it was found that the mortar was entirely free of hard spots, 
air pockets, or voids. The markings of the planing tool on the slab were 
clearly visible in the hardened mortar bed. ‘The setting of the pedestals for 
the New Jd Jersey tower v was completed about July 1928.00 


‘The traveler then erected all the column sections and bracing of ‘the first 


-Sumped” a half- -panel to a Position opposite Panel Point 1 (see Fig. 


| 


then erected the panel length of columns the inside rows 
(the B and rows), together with the diagonal members necessary for 
= ‘The jumping ‘tackle was erected on these inside columns and the 
traveler was advanced a panel length to a position opposite Panel Point 2. 

ils In this position the traveler erected the ‘second panel length of ao 
a: Sevenbine the two outside rows (the A a ind D rows), the remaining bracing of 
ea the second panel and the third panel length of the columns forming the two = 
inside rows (the B ‘and C rows) with their diagonals. _ 


‘This procedure was repeated for each successive ‘position of the traveler, 


which advanced a panel length at a time. At the completion of. erection 
at a given position of the traveler, the inside rows of columns were always 
one section or panel length i in advance of the outside rows. pentiitii ane 
arch ring -and strut of the lower portal steelwork opposite the ‘third 
d wad were erected by the traveler while it was opposite Panel Point 4. The 

remainder of the framing for this ‘portal was erected with the traveler at 
' - Panel Point 7. To erect the portal steelwork, which was directly below the ; 
y . traveler, the stiff leg of one of the derricks was 8 disconnected temporarily, to 


F S allow the boom to be swung around | over the central area. The falls were 


4 then lowered through the openings between members. of the traveler 


Prior to the of the steelwork, a ] of horizontal spacing 
were erected temporarily a at Panel Point 2, connecting t the legs: of the 


tower as shown in Fig. 5. It was intended that these spacing struts should - 
assist ir in maintaining the proper distance between the separate units. How- 


ever, they © were not sufficiently stiff to permit of much ‘compression. For- 
- tunately, the accuracy of the erected material was such that these spacing ~ 


stru uts were ‘not. actually required. struts used - in this position were to 
be incorporated permanently _in the structure at ‘Panel Point 3. Similar 
- struts from the top portal steelwork were used in temporary position at pce 
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atl? Column sections were delivered for erection | with all ; gusset- plates for | 
. ee and diagonals riveted in place. ‘The splice- plates w were riveted to the 7 
of the column sections although the upper rows of rivets were omitted 
and the ‘splice- angles on the outstanding legs were left loose. | Erection ofa 
section was thus accomplished by y lowering or “knifing” in between 
splice-plates attached the column s section previously erected. Care was 
‘necessary, in “order to insure satisfactory joints since, in accordance with the — 
provisions of-the specifications, all cor contact surfaces had received two coats of 
ted lead paint. The entering ng web usually | seraped paint from t the inside of the 
splice-plates, causing an accumulation of the material on the lower contact 
surface. When the member was within an inch of contact, the lowering of 
the column section was stopped long enough to permit cleaning the a accumu-- 
lated material from the contact surfaces, by blowing with 1 compressed air. 
careful inspection of contact joints was made in all cases, and riveting was a 
ie permitted only when the opening at point of contact was less than 0.003 in. 
Ina few cases, riveting was delayed until considerable weight of steelwork 7 


Erection of New York Tower. —The New York tower was erected along ES 


; — similar to those used in the erection of the New J ersey tower. ‘The first 
an pedestals were set on August 6, 1928. It will be ‘recalled. t that the pedestals 
_ for the New J ersey tower were delivered. to the site completely assembled. 
‘The pedestals for the New York tower, however, were delivered in two sec- 
for assembly at the site. These were assembled on heavy girder beams 


tions were fitted and riveted together. The ‘method of and adjusting 


_ the pedestals by of corner "pads: was the | same as that for the New 
of procedure were similar in to on the New Jersey side, the 


pit 
‘principal am came about by reason of ‘the necessity of handling the 


materials from car-float to tower base by means of an unloading derrick... 
i It would seem that this use of an additional piece of equipment, together 


with. the personnel required for its operation | (a force of about ten men), 


onus cause an increase in the cost of « erection. Such was not the case, how- 


ever, because the unloading derrick was found to effect. an ‘actual saving in 
a 


wa the time of erection. For one thing, this | derrick was of assistance in picking on 
-_ _ column sections from a horizontal to a vertical position, an operation: which © 
otherwise required the use of the second traveler derrick. 


The erection of the lower portal steelwork: was effected in a ‘slightly dif- 


- ferent manner Woes that used i in Ne ew Je ersey, where, it will be recalled, the 


through work ‘of the New York, “special + tackle was 
a. hung from the lower part of the traveler frame and used to hoist and drift 
various members into position. latter method appeared to be the 
on ‘more economical in view of the fact that the time required in 1 placing the falls 
n correct position ‘through the framework more than offset the” advantage 


‘this method of portal erection seemed to offer. 
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Observations at Panel Point 10. —The Port ‘specifications pro- 
vided that the top sections of the columns should be finished i in the shop after 


the erection of the remainder. This permitted the determination of the proper 

lengths. Because of the deep girders framing i into the column sections 1 in the a 
top panel, complications ‘would be found in an attempt to compensate for 
any discrepancies in column length in this panel. — Tt was decided, therefore, 
make i in the second panel from { the top, and 


arrival of severe winter weather. At this point the chia called for a die 
continuation of erection of operations for the duration of the winter, petite ll 
time for taking measurements to determine the actual relative elevations | of 
the tops of the column sections, _ and giving an opportunity for finishing 
column seotions,. 10-11, to compensate for the variations found. ites 
In the New J Jersey tower, 15 782 tons of structural steel were ‘erected to 
ho Point 10 between Ju une 27, and November 1 1, 1928, a a period of approxi- 
Bsa eighteen weeks, w hile, in New York, 15 785 tons were erected between — 


' August | 6 and November 24, 1928, a period of fifteen weeks, vlogs Hod 


_ ‘The observations at Panel Point 10 were made by level instrument, rod, 


ished plane was of ne no “practical value, and no att attempt was ‘made to 


determine such elevation. "The observations sought only to establish the 
‘variations which had ‘accumulated between the columns umns composing a tower 


‘The readings were somewhat difficult to. make because of the attached 
2a splice material and ‘because each of the milled surfaces sloped in at least 
; ¥. one direction and one-half of them in two directions, due to the column 


batter. They were taken on the milled surface of each column at four 


column When averaged, » these readings gave the elevation at the column — 


axis. They were taken separately by two parties on each tower, in order to 


personal ¢ error, and \ were made conditions that would insure, 


| ERes on the transverse e and t two « on the longitudinal center line of the 


In consideration of the fact that the relative differences in Table 1 were — a 4 


‘accumulated in the ‘erection of approximately 500 ft of column height, 
‘small amount. of discrepancy found between the columns attests” to the 
high degree of accuracy of the ‘shop work, , and the pains taken by the wor - 


men and inspectors in erecting this. steel. 
4 Adjustments were made at the shop in the lengths of the columns: between 


- Panel Points 10 and 11. , The lowest column at Panel Point 10 was was assumed 


to be at plan elevation and to require no correction. 7 All other columns basal 
made shorter by the amount of over-run as indicated, 4 
‘usual procedure in "preparing the splicing material in the shop was 


— to ‘assemble | any given column section with the section to be ere erected next 
above it, and to ream the splice material assembled to the columns. 
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‘TABLE 1— PANEL Powr 10 


Tower lur n | Variation 4 ariati umn on Column Variation 


= 


‘The holes for connecting the splice material. to ‘the lower section -10) 


of the | columns ¢ at Panel Point 10, were handled in the usual way; that is, = 
- reamed with splice material assembled to. the columns ro The holes in the 


¥ 


- upper half of the splice material were reamed full size fe (1 te in. in diameter), 
to a metal template. The splice-plates- and angles: then riveted or 
bolted for shipment. Later, when the columns in Panel 10-11 had been 


ae ‘milled to proper : length, the holes for the splice at the bottom of the columns 
drilled and reamed full size to same metal templates. It was 


- intended that the holes should d be reamed -over- size for larger rivets if found 
necessary after erection, but such action was ‘unnecessary. ad 


ap On account of changing the lengths of the columns, some adjustments 
were , required in the connecting bracing members. _ This was ; taken care of 


by varying the position of the groups of open holes i in the gusset- plates. 7 
Erection Above Panel Point —Erection was resumed on the New 


‘York tower on March 26, 1929, and « on the New Jersey tower on April 8, 1929. 
— With the exception of the portal steelwork, the erection of the New York 


tower was completed to Panel Point 12 during the week of May 7; the last 


panels were in place on the New. J ersey_ tower on May 29. 


traveler was then dismantled at Panel Point 12. The procedure for 


dismantling the traveler and erecting the upper portal steelwork was prac- 


ft tically identical for the two towers. . A stiff-leg derrick was erected by the 
Sa traveler « on one leg of the tower, and. one of the pair of traveler: stiff-1 -leg der- 


= was moved to the other tower leg. - These two derricks then dismantled 


a the traveler and erected the members of the upper portal, completing it a 


the latter part of June. (See Fig. 6. 
The contractor for the towers, as. sub- contractor for the cable contract, 
= the grillage steel, footbridge ropes, able saddles, and cable- spinning © 


7 equipment on the tower tops. Accordingly, when the Sita We completed, 
< 


= 


the ‘second stiff- leg derrick of the traveler, which had been lowered to the 
=o] ground, was rigged for use at the top of the tower. : Sills were added, and its 


boom was inereased 20, to a length of ft. This derrick ‘wil in 


position 0 on the a bracing near the center line ~ the tower and was used 


‘radius of 60 ft. 
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Fitting and Riveting. 1g.—No difficulty was experienced i in ‘the field i in a erect- 


ing and fitting the steelwork because the shop procedure was so. ‘carefully: 
"planned and executed. _ The special conditions at Panel Point 10, which made — 

impossible the shop assembly of adjacent column sections, have been 1 con-: 
sidered. ‘Similarly, special conditions at Panel Point 6 made impossible 
the assembly of the sections in bearing at that point. 


a. Because of the large quantity y of steel to be fabricated i in 1 the limited ae 


-sub- -contracting ‘company. The splice material at Panel Point 6 was handled 
in a manner similar to that described at Panel Point 10, except that the holes — 
for connection to the column sections above Panel were to 


in. and to dis i after 


owers observations 


of error of observation, the alignment was in 
7 cases. — The accuracy of the shop work had been such that at no time was 
it necessary to resort to any drifting or ‘guying” to change the alignment. 
Riveting was begun on the New Jersey ersey tower when the first two panels 
ai steelwork had been erected, and on the New York tower, when the first three — 
‘panels had been erected. ‘Thereafter, the riveting on both towers followed 
closely behind the erection. Shortly after the discontinuation of erection 
for the winter months, riveting was likewise stopped. - Riveting on ‘the New 
Jersey tower was discontinued on November 28, 1928, to be resumed on April 8, ; 
1929. On the New York tower the riveting was discontinued on December : 


8, .1928, to be resumed « on April 8, 1929. ‘With ‘the exception of a few ‘scattered 


points left open because of cable-erection equipment, the riveting was com- ce 


‘The rivets were carbon : steel, 1 in. in for the main ‘members, 
sm although a a few j-in. rivets were used in the portals; a total of 488 000 field 
» ‘rivets was driven i in the New J ersey tower and — 498 000 in the New York 

q tower. were heated by ‘means | of soft, coal forges. Other methods of 
e | heating were tried, such as by electric-heating units ere 

found to be less. satisfactory than the ordinary forges. 1 riveting was done 

pneumatic hammer, and “holding on” was likewise done by 
r 

t, _§ near the base of eac _A pressure of about 100 Ib was supplied at “of P 

d, average of nine or ten gangs of riveters of four men were 
on the work 01 on each tower, although as many as thirteen gangs were 
employed at o1 one time. The men worked 5} days per week, barring unfavor- 
n able working conditions, and averaged ‘more than 800 rivets per gang per 
od “day. Under favorable conditions much higher rivet counts were made. The 


at number of rivets 2. 7 in J ersey_ and 
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Siting and in. in were used to construct a 
a floor over the entire area of the tower leg at each panel point immediately 
after erection. This floor remained in place until all rivets in the panel - were 


‘driven. Seaffolds with timber ramadan roof on . steel frames were e hung 0 on 


‘equipped with ratchet winches that they be « drawn up a "panel length 
ata time by hand ‘operation. Access” to the point of steel. erection was 
“usually by means of a large cage | hoisted from. the tower base by one of the » I 
; ‘traveler: derricks. Access to the various points on the tower during riveting 
operations was facilitated by an elevator installed in one» tower r leg. The 
7 guides and hoist for the elevator we were advanced from time to ‘tee as erec- 
tion ‘progressed. However, the highest point reached by the elevator: was 


several panels below the top of the steelwork and ladders were used to ‘cover 


Equipment for oading a and Handling Material The delivery of 
“materials” not only for the permanent. “structure, for the ‘temporary 


facilities: necessary for the erection of the tructure, 5 

eventual to the anchorages hundred foot back from the water 


features. the 1 river it rather 
to consider trucking from the nearest railroad terminals. ‘The contractor 
_ therefore, adopted the only logical method— -delivery of materials. by water, 
on barges and car-floats, to. or r adjacent to the bridge towers, supplemented by 
cableway transportation to the anchorages. To at 
the New Jersey side provisions for mooring barges and ear- were 
in place as installed by the contractor for the towers and floor steel. Tw 
Chicago booms, 125 ft. in 1 length, a attached to the north and ‘south ib of 
the ‘tower, were used for unloading all material. ‘They were operated 
electrically driven hdisting engines placed on the shore with manila rope 
bloe -and-fall swing lines, and capable of placing material on a tem- 
porary dock constructed north of the north pier and on a cantilever platform | 
erected on the south side of the tower at Panel Point 0. cc The south boom 
was also long enough to reach a material track constructed along the shore 
line. & light, hand- operated derrick car on this track made it. possible to 
= use a level area of ground | south of the bridge for storage purposes. s. This 


= 


: was particularly necessary for the storage of the footbridge deck. 


_ From the base of the tower, materials were hauled up the face of the 


Palisades, by means of a cableway with | a 15 tons. in. track 


on top, 
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i of the Palisades which the sag of the 
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4 Tope. could be a as desired. A material was then used to trans- 
port the material from the cableway to a 10-ton crane operating on a runway 
“erected “across the approach cut over the west half of the anchorage floor 
steel. At the east end of the floor steel, over the areas not reached by the ia 
-erane, materials were handled by a guy derrick, 


= On the New York side, the contractor elected to make use of a dock, bee a 


| ‘south of the tower, , constructed by the contractor for the anchorage. A ‘stiff- 
‘leg. derrick was erected at the north end of this dock and was capable 
of unloading all material, Placing it either -on a loading platform south « of 
the south tower pier, or on a material track extending past the east face - 
the south tower pier. caterpillar crane was used for distributing 
materials for storage on areas not reached by the stiff- | derrick. As 
- the case on the New Jersey side of the river, a cableway was : used to to transport z 
“materials from the track at the tower to a second track on the ground 
between the buttresses of the anchorage. Er One end of ‘the cableway was 


attached to A8, at the southeast corner, just Panel 


stiff- leg derrick erected on top of anchorage on the center line 
of the bridge served to hoist the material from the material track and 

‘distribute it where n necessary on the anchorage. 


Concurrently with the installation of these facilities, the contractor 


the towers proceeded with the erection of the grillage girders and frames for 


attaching the footbridge ropes, after which he hoisted the footbridge ropes" 
and erected the cable saddles and the steel construction towers. 


Grillage Girders.—Each grillage is made up of four longitudinal, girders” 
ft long and 5 ft 13 in. deep, resting directly on top of the lateral plates 
forming the top plane of | the tower bracing. A 6- in. slab carries the load of 


saddle from the @ rollers to the longitudinal girders. delivered | in 


tower. 
Little difficulty was encountered in setting the grillages so that: the slab 
would come > int a true plane. In one case, because of a slight warp in the 
_ grillage section, i was necessary to omit the riveting of one butt- -splice 
, temporarily: until after the load of the cable had remedied the condition. ‘Sa 
_ Pootbridge Ropes.—The construction of parallel wire bridge cables, with 

the possible exception | of those for very short spans, always requires the ‘use 

of working scaffolds or footbridges. For economy, it has become the prac- 

tice of contractors to make use of the suspender ropes temporarily, to. support 
these footbridges. The ropes are thus ordinarily manufactured in sufficient 
io lengths to reach from anchorage to anchorage. or After the main -eables liave 

been spun, these ropes are then cut t into the ‘Proper lengths to form the 

suspenders. In principle, this was the procedure or on the George Washington 
| Bridge. ‘However, due t o the long span, it was as practically impossible to te ae 
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= ae the rope. in one piece of sufficient length to reach from anchorage 
to anchorage. . They were cut in three lengths, one for each side span and 
the third for the main span. 3 Two groups of nine ropes, 24 in. in ‘diameter, 
spaced 22 ft apart, were used to support each footbridge. — These ‘groups were 


_ arranged with seven ‘ropes in a central hexagonal cluster with one on | 

contractor elected to the to length and ‘socket them 

at the shop, and to make the necessary field adjustments for correct sag by 


varying the relation of the ends of the ropes to their attachments on the 
towers. Inasmuch as the space available for "making these adjustments was” 
relatively. ‘small, it was” essential that. the “ropes” cut as accurately as a 
possible to the “correct: lengths. ‘To secure the required degree of 


it was. to remove all slack ‘inherent in the manufacture of wire 


200 Ib at the manufacturing ‘for a period of at least: 12 hours. 
* MG - After being measured the | rope was cut into the desired lengths, socketed with © 


bail sockets, and placed on eels for toe ot! ine, 
At the bridge site, the reels of side- -span ropes were mounted at the tower — 


bases and the ends were pulled up the hillside to the anchorage where they 
were attached, by means of structural and cast- steel links, to anchors embedded 
in the | concrete above and on either side of the main cable eye-bars. it ‘ie 


‘The reels’ containing the center-span ropes were mounted four at a time . 
on a barge, and after the exposed ends had been connected by per lines 
* their corresponding side-span ropes at the base of the New York tower, a 


the barge 7 was towed as directly ¢ as possible to the New Jers ersey side, the ropes — 
to to the bottom « the river as > 


n and side- -span ropes” we 


time. short box- girder projecting over the side of the e tower at 


was used to hoist the rope to a point just below ¢ the tower top. \ At this 4 


(the limit of hoisting with the ad” equipment), the was 


tiveted: to the towers either side of the main ‘eable 
the operation of hoisting the ropes, and while > laying th them on the river ‘bed, | 
it owas necessary to stop all 1 river traffic. 10% weed? ail} 


all the thirty-s six r position, the individual lengths i in each 


gill 
necessity, all najustments’ were made at the tops of ‘the to towers, 
aig attachments of the 1 Popes: at the anchorage being ‘such a as to aap —- 
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(GEORGE WA ‘WASHINGTON 
sibility of adjustments at that point. The side-span sopes were adjusted 
_ first, by blocking the sockets of of the main-span section and pulling in or 
: slacking off the side-s -span rope as desired. ‘Fig. 9 shows the hydraulic pull- 
ing jacks inserted between the socketed ends of sin and span 

sections of ‘rope to be adjusted 

desired sags were calculated in advance. were giving 
the full range of ‘Sag corresponding to all changes in span length h resulting 
tower deflection, and for all reasonable -variations in temperature. 
The chart for the side spans, in addition, gave for each ‘sag | the station and 

the elevation at it. which a transit should be set up to establish a line of 
sight parallel to the chord and tangent to the curve having the desired sag. 

tual Plumb- bobs could not be used to measure the deflections in the towers: 
as is customary, | because not one of. the - tower columns was vertical in its 
normal position and, not be used as a a well in which 


on the piers, po ee aelge on horizontal targets attached to the tops of the towers. 
- The transits for the purpose were equipped with right- angle eyepieces, permit- 


: ting true zenith observations. _ These observations were always made in pairs 
7 with the horizontal axis of | the transit parallel t to the center Tine of the bridge. 


Pip’ 


The instrument was rotated 180° between the first and ‘second of each pair 


observations to eliminate instrumental “errors. The targets, ‘constructed 


at the bridge site, “were { graduated with a ‘pointed stadia design and were 
artificially ‘illuminated to permit: direct “readings to v within 0.05 ft. They 
_ were set with a ‘known relation to points established on the tops of t the towers : 


prior to hoisting the footbridge ropes. The plumb or normal positions of 


' the towers shad been 1 determined previously by the use of the same transits, 
observations being» made » during the hours between midnight ‘and sunrise 


when the steelwork was most nearly at uniform temperature. 

After the side- -span ropes had been completely adjusted, the sockets for 
these ‘Topes: were blocked and the main- span ropes ‘were similarly pulled i in 


“d or /slacked off by jacking « on one or both towers, as was necessary to group 


the -Topes at the correct sag. The first 1 rope in each group was set tangent 
to the line of sight of a level instrument set up in one of the towers at the — aa 


bag 
elevation determined from the chart for the observed temperature and tower “ 
deflections. A target was also set at the same elevation on the opposite tower — 


& 
“for use: ‘as a foresight to eliminate all corrections due to curvature of the 


earth” ‘surface, errors in adjustment of instrument, ete. Telephones at 


instrument ‘platform, tower tops, bases, with a special tie- line 
acer 


across” river, permitted intercommunication of information. relative 


deflections, ix instructions for adjusting the Topes, etc., between the instrument- 


will 


As has been stated, one rope only i in each group was by 


be with the aid of f Throughout ‘the entire 
operation of adjusting footbridge Topes, eross-heads with threaded tie- rods 


were used to connect the side-span and main-span sections and ° were kept tight es 
‘the if a jack should fail. The structural frames” 


to the stress” of 
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ned to permit separation of the individual 


together resisted the pull of die main- span te adjustments 
completed, shims were the frame and the ‘sockets of the 


Cable Saddles. —The anchorage saddles served not only to take care of ‘the 


change direction at the anchorages, as castings for 
the 1 various strands composing the cables. Inasmuch as the -center- to-center 
distance of the cables: of each pair \ was considerably less at the saddles — 


ink 


eye-bar groups, it “was to set the saddles of each pair 


“bases might be “normal to ‘able reactions. The were » also 

e to each other rather than parallel, as would be 4 

the case if was no in horizontal direction of the cables at th this 
point. The saddles, which weighed ‘approximately tons each, “rested upon 


— rollers which, in turn, rested upon 4-in. steel slabs. (See Fig. 10. ) = 


of the anchorage structures was finished to the approx- 
for setting the slabs, allowance being made for about 2 in. of | 


Wooden templets designed to give the desired 


slabs” were to set ‘them to approximate position. Survey points 


established on the center line between cables and on reference lines just 
of the slabs. Computed offsets to these lines, together with eleva 


on each corner, were used ‘the final setting before grouting. The 
segmental rollers were then assembled on the slabs" temporarily 

‘The anchorage saddles were then erected, slings being 


at the desired angle. Wire- rope bridles and turnbuckles served to 
set and maintain the saddles in position until the first few sets of strands 
were in place and the resulting friction was ‘sufficient to ‘maintain: them. 


This. position was about in. shoreward of ‘normal, in order to allow for 
stretch in the back- -stay due to the _ dead load of the structure. he 


_ After the footbridge 1 ropes were erected, points v were established on the : 
Siiaas grillages at the tower tops for. roller and saddle erection. - careful procedure 


was followed to insure the correct alignment of the cable saddles. — A point 


on the center | line the cable established at. the shore end of each 

grillage. A transit ‘mounted on a trivet was then set up over these points 


2 Bee and, with the points | on the far tower as: foresights, the center line of cable 


was established at the river end 1 of ‘each h grillage. 


4 


cable made wp four Separate castings, the heaviest 


“weighing approximately 55 tons. Th 
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on the saddle sections. The saddle was then 
_ Position approximately 2 ft shoreward of the transverse center line of the 


~ iemanel blocks were provided at both tower and anchorage saddles to 
restrain lateral motion of the strands in the upper half of the -eables. In 7 : 
the « case of the tower saddles, however, the final position: of the strands was ee 
that these blocks | did not provide’ the desired support. Therefore, lead 
antimony was: melted and poured between the blocks and the strands. This 
- metal was adopted due to its low ‘melting temperature and freedom from ; 
| 
= _ Falsework at Top of Tower. -—The erection equipment at the tops of the tow- 
ers was assembled after the cable saddle castings were in place. it ‘consisted 
a primarily of a steel superstructure ¢ carrying a crane runway 51 ft above the 
4 


top the main steelwork a as shown in n Fig. . Two track girders extended 
the full width of the tower (transverse to the bridge axis). Each was sup- 


‘Ported t by four pairs of braced columns, one pair on ¢ either side of the maii 
-eable saddles. . Cross- -bracing between the column rows stiffened the “eel 


ins a direction parallel to the center line of the bridge. Lateral stiffness was 
supplied 1 to > the track girders by trusses with horizontal bracing it in 1 the planes: 


designed for a loading of 15 tons were to due por of the 
to permit the cranes to run out over the. ends of the towers to hoist material 
the ground. ‘The falsework was also’ designed to support platforms 
the main cable saddles which were required to support electrically driven 
_ machines, first” used in — the footbridge decking and, later, in reeling _ 


‘Footbridges. —Under normally found in suspension bridges, the 
a quantity of rope required for + suspenders i in the ‘permanent structure exceeds ks 
that for supporting the footbridges. On this } bridge, h r, the 
reverse of these conditions existed, so that it was essential to reduce to a 
‘minimum the weight of the footbridge decking and o other miscellaneous dead fies - 
load » in order that the quantity of excess rope required solely for supporting elm 
the footbridges might be reduced to a minimum. Therefore, the contractor i 
resorted to steel framing partly covered with wood decking and partly with» 
= wire 1 mesh as shown in Figs. 13 and 14. A central walkway, 5 : ah 


pe betwe mn the cables and two walk kways, 3 ft 6 in. 1. wide a at either ‘iia ewe : 


ay 


provided. ‘Woven wire m mesh was used to cover the areas between the walk- 
ways directly under the positions to be aceupied by the completed main cables. 7 
F et ‘For the main -span footbridges es the s steel framing was fabricated at the + 


shop: in sections consisting of 8-1 -in. channel cross- -beams 12 ft back 
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d GEORGE WASHINGT WASHINGTON BRIDGE» 
were spaced memes o edges « of the three walkways ona the « entire unit 7 
braced by diagonal — tie- rods. _ The sections were bolted to the underside o * 


the footbridge : ropes by means straps” the ropes. | (See Fig. 15. 


t 


26°7" — 


are 
GABLES COMPLETE - 


The side- span were as series landings: 
of the steepness of the slope. “As in ‘the main span, each footbridge 
provided for three walkways located to give access to the cables. _ The walk- 
ways were formed by units consisting of pairs of trusses designed so that 
the top chord and diagonals < of the trusses could be used to “support, two 
on 10- in. pipe cr cross-beams spaced 30 ft apart por dome from the foot- 

_ bridge rope groups by means of turnbuckle suspenders. _ The explanation f ae 
the suspension of the sections in the side span is that the contractor Shad 
intended originally | to build the cables by the ‘method of successive ‘erection | 
and had designed the anchorage for the footbridge ropes accordingly. U eer 


the successive program the footbridges: would have had to be lowered to 


“the ‘contractor had designed the sections 1 to be aamnintiel from the footbridge 
ropes rather than support: them on. top | of the Topes, as is done customarily. 
The plans: for the equipment had progressed so far that, at ‘the ‘time decision 
was reached to construct all four cables simultaneously, the contractor | re 
~ ferred to utilize the original method of supporting the footbridges from the 


the main however, the sections were brought into 


“Chemica installed in cages ‘at intervals 
beneath the footbridges- to guard against the destruction of the footbridges 
by fire, as happened ‘sie the construction of the Williamsburg Bridge at 
New York, As an a added precaution, all timber was painted with 
retardant paint and sheet metal stops were placed ‘under ‘the decking 


After the falsework at the tops: of the towers was s completed | and after 
the footbridge Topes had amy adjusted, the footbridge decking was erected. 
This: ‘operation could not be carried out i in the usual simple manner, by = 

se previously placed, because 
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"erection also had to be used in the main and in the | side spans. Bastiat sone _ 


For the main span, the footbridge sections were hoisted to the tops of the 
on the ropes s in which they w were to position for attach- 


of the for “supporting the Different ‘methods of 


_ The L- “shaped steel frame shown i wn in | Fig. 1 16 was one of the skip cars. for 7 
the sections of decking. It was guided by counterweighted skid 


ropes while being hoisted to the tower tops by the crane operating | on the 
"cantilever bracket of the runway. 16 also shows ‘the steel frame by, 
which the | was brought to an ‘inclined position at the base of the tower 
loading. Steel links: at the upper end of the car engaged steel plates 


riveted to the top of the tower, which allowed the car to be rotated through | 
90° toa horizontal position for attachment to pennant ropes hung from om the 


of ‘the crane runway. unloaded by the crane, the decking was 
transported over the cable saddles, deposited on the tower tops near the center — 
site and thence relayed, one section at a time, to hand-cars operating on the 


temporary platform shown in Fig. 17, which was attached to the river face 


of ‘the tower below the level of the footbridges. — The carriages riding on 


ve the ro rope groups were loaded by. hoisting several sections into evel 


ax 
Footbridge sections were erected from the middle of the open ithe 


“ra. each ‘tower. Each carriage consisted of a a rigid hell, frame pin- con- a 
ected at each corner ‘a two- wheeled truck. The wheels were made of 

3 the group of ropes were mounted on arms in , front, ‘and i in eek, of the = 

to hold the ropes in their correct relation with each other. The blocks 

were divided on their horizontal axis to facilitate easy removal and re- -attach- 


aaee ment, _ This was a necessary precaution to permit clearing the erected sections 


at. side, a an arrangement which permitted the cage to 

y cally regardless of the varying inclination of the frame corresponding to 
the slope of the ropes. The cage was designed to form two longitudinal 
“4 working: platforms, one above the other each side, and two transverse 
over each other across” each end. Easy access to the various plat- 
was provided by ladders in each corner. winches on mn the lower 


"sections into the cage. "These were so o that they could ‘also 
be driven by pneumatic drill machines to speed the of hoisting 
_ The carriage was then shifted along the ropes, _ propelled by an endless 
"wire rope (later used. as a hauling rope) passing around idler - sheaves at either 
anchorage and around an electrically driven spool ‘mounted on on the temporary i 
above the main cable “saddles. When position for erection 
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ropes. The to the section previously erected was permanently 
fastened to it with plate and angle clips and then bolted to the footbridge 
| = The other end was temporarily supported by hangers until the carriage 
a shifted the length of the footbridge section in order to bring the next 


section into position. Four hand winches mounted on the upper 


working platforms were cused to raise the sections. 
ao minor change i in the original method of rigging the rope for propelling 
carriage was found n necessary as the erection progressed. This change 
consisted in restraining the opposite part of 1 the propelling rope in a sheave 
on the carriage to o limit its variation in sag, in order to make the carriage 
more uniformly toward the middle or flatter part of the span. Aside 
from this, the carriages functioned very well, and the erection of ‘the : main-— 
footbridges was completed in ‘eight working days. Fi ive steel truss 
cross- -bridges connected the north and south footbridges in the main ‘span. 
These wi hoisted. directly from. barges bolted to the ‘footbridge r ropes. 


The: side- “span | decking was erected simultaneously with that of the = 


span in order to balance the 1e pull « of the ropes o on the towers. The units 
this decking were also erected (from the anchorage toward the 
towers) by means of carriages operating ‘on tw two ropes stretched above, and 
approximately parallel to, the footbridge ropes. Before these units could 
7 be erected, however, the pipe cross-beams forming their support had to be 


placed and suspended from the footbridge ge ropes. The > ends of the ; pipes were 
equipped with steel castings that engaged a pair of | 2-1 -in. wire r ropes 
from the top of the tower to the anchorage, which were used to support the _ 
‘pipe beams temporarily. | These : ropes were anchored through counterweighted 
. rope f falls to prevent them from participating in the load of the foot-— 
bridge ropes. s. The pipe beams w were assembled on the 2-in. ropes at the anchor-— a 
age and were pulled up toward the towers, spacer ropes" serving to fix and Me 
ad 
maintain the correct distance between beams. They were 
the ropes with a wedge locking device and the suspenders connecting them ~~ 
to the footbridge ropes were erected, the workmen - making 1 use of a hanging 
"platform suspended from the erection carriage. ed) oo 
- With the suspenders i in place 1 the decking was | transported by the carriages bi 
the anchorage to position in footbridges as 3 shown Fig. 19. Three 
“units, comprising ain blocks 
ystem.—It has been the practice to” stiffen footbridges 
vrierngehic deflections resulting from severe winds or storms. This is usually a “¥ 
by stretching wire ropes between the’ tower bases. ‘These re ropes. are 
arched upward d nearly to meet the footbridges : at mid-span by means of vertical ae 
hangers: attached to the “footbridge ropes. Additional stiffness adjacent to 


ort 


towers is sometimes obtained by the use of diagonal guy ropes from 


or more points on the footbridge | ropes ‘to the towers at approximately. the 


floor level. eorge Washington 
the contractor was s unwilling to rely upon this system of storm ropes. In 


an 1 effort 1 to find a more adequate arrangement, a scale model of the footbridges: 
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upon n which | experiments were made with various systems of 
ropes. _ The one adopted as being the most effective i in dampening t both vertical ., 

and lateral deflections contained the salient features of the commonly 


the ropes were of  high- strength steel, in. in diameter, except as indi- 
cated in Fig. 20. The arched ropes, two for each: footbridge, were stacked 


of Bridge q 


1 
Lower Storm Ropes 


= 

><h, 
= 


at one end by means of -counterweighted wire-rope falls. T The hanger ropes 

“were attached to ropes suspended above the footbridge ropes, and the foot- 
bridges were connected to the hanger r ropes. ad od T 


- ig Latticed angle struts, about 42 in. square and 140 ft long, were suspended 
beneath the footbridges at either end of the m main “span, 310° ft from the 
towers and approximately 300 ft above the water. sets 0 of f diagonal 
_ ropes connected each strut to three points on. the footbridge ropes and to 
two points ¢ on the lower storm ropes. The struts were also” » braced laterally 
- with ropes to 0 the footbridge ropes and to the towers. . Those connected to the : 


passed through sheaves at the towers and back to attachments 


the struts, the sheaves, in turn, being fastened to the tower by means of 
counterweighted wire-rope falls. The ‘counterweights at the various connec 
tions t to the towers were used to maintain relatively ce nstant stresses in the 
storm system for any ¥ variations in temperature or loading of the  footbridges. 
th actual use the storm system proved very effective, no deflections being — 
- noticeable in the footbridges, except during a few periods of severe winds. 
o) bi various | points | on the footbridges and storm system and also | on the 
a _ tomer tops electric lights were installed for the protection of aerial navigation. 

_ Method of Spinning Parallel Wire Cables— —The basic principles of spin- 
parallel wire cables have become well known by Teason of tl the large 
number of suspension bridges built in recent years. — They were used more 
year ars ago by. the late J ohn. A. Roebling, M. Am. Soc. C. 


; 


« 


— 
ae FS 
: 
— 
— 
— 
— 
— 
: 
— 
— 
— 
— 
— 
} 
q 
| 
| 
— 


1989 
19383 GEORGE WASHINGTON BRIDGE 


- jn constructing the Niagara Suspension Bridge and , again, by his son in 


4 building the well- known Brooklyn Bridge. “Essentially the same ‘prineiples, | 
with certain refinements, have been used ever since. tee 


For the benefit of those who may | be unfamiliar with the cor construction of 
parallel wire cables, the following brief description is given. 
As its name implies, a parallel wire -eable is simply a bundle of parallel 


wires inbiaidtuisll at either end of the bridge to. steelwork built into structures, 
wires making up the cable are divided, for 


various strands splay out to connections to eye-bar chains 


TRIN 
an \ x \iauling Rope 


_ Floating ( ‘Unreeling Strand 
YN Machines = /Bent be 


a Strand 


Hauling Rope. ? Frame for Lower 
Drive Machine of 


tye \ Upper Level 
Floor Steel 


Anchor Block 


Strand ‘Hold-Down Trusses t yoink 


 Strand- Gennesting 


girders forming the wire one strand is con- 
_ tinuous and is looped around a horseshoe- >-shaped steel casting or “ ‘strand 
shoe” at either « end, which is inserted between a pair « of -eye-bars and 
ot connected tot them. fi: The entire arrangement is | shi 
me ‘The strands are usually « construeted in individual supports or saddles es 
al e side the main ¢ cable saddles with the strand shoes temporarily connected t to 


eye- -bars by means of ‘ ‘strand legs,” which | are steel constructed 
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‘mounted at the anchorage and attaching it to : any convenient point in front 
of ‘the strand shoe. — The wire is laid around the strand shoe and a loop of 
: wire is formed, one part leading to the strand shoe and the other to the reel. _ 
Na This loop is then progressively lengthened by pulling wire from t the reel, until © 
it reaches the other anchorage where it is placed around the strand shoe at 7 
Pet pret - The w wire leading to the reel is then placed around the near — 
strand shoe again, forming a second loop which is similarly lengthened and — 
‘placed around the far strand shoe. ‘This operation, called “spinning,” 
Tepeated until the desired number of loops or wires have been placed in 
by The wire leading to. . the reel is then cut and spliced to the end pre- an 
nA ef viously fastened i inf front of the strand shoe, thus making the wire continuous. oF | 
‘The loops of wire are pulled from anchorage to ‘anchorage by placing them 


around a deep flanged wheel known : 


as a “spinning wheel” which is attached 
Be . speed up the spinning operation, a reel of | wire is usually mounted | i 

“at the opposite anchorage and wire is pulled out: for a second strand on 

return, trips” of the spinning wheel. A ‘second spinning ing wheel attached to 

the other part | of the hauling rope and traveling the Opposite direction 

to the first wheel is used to’ pull out wire for two more strands. 

The wires are adjusted to the desired s sag ine each the. three 


spans. ‘This operation is as follows: _As soon as the spinning wheel has s passed | | 

over the first tower, the wire from the strand shoe, or the “dead” wire, is 

_ pulled through the strand saddles at the tower until it hangs at the correct 

Ba = in the side span. It is is then clamped a at the tower to. ‘prevent ‘slipping. - 
After the spinning "wheel passes over the second tower the same wire is 
‘oe adjusted in the main span and clamped at the second tower. } When the loop 
has -been placed around the far strand shoe, the wire is rendered around - it a 

until the “dead” wire hangs at the correct sag in the far side er 
is cla mped at that point. . The “live” wire, or the wire leading to the reel, is 

then similarly and 1 successively adjusted i in the far side span, main span, ‘and 


‘span, so call slack in the wire is carried ahead from span 


— 


sags for adjusting the wires are fixed guide Pie which are 
a measured to length in advance by adjusting them to chang” at certain sags jp 
established by in a manner similar to that used in adjusting the 
= oe footbridge ropes. _ After a small group of wires are in place i in each strand, 
| “guide” -wires ‘are removed, and the r remaining wires are adjusted to o the 
group. ‘The lengths of “guide”-wires are changed according to the computed 


variations in the lengths of the strands and are used at the start of each 


of strands without havin 


are, shoes at the same time being removed from the strand legs and permanently 
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. After all the strands ha have ve been completed and placed i in their final position 
‘the main saddles, cables are compacted or he in the: 


The number of st: ‘strands: to be used in constructing a ¢ is 

thes ‘ties so that they can be built v up in layers t to form a hexagonal cross- omni 
A prior to squeezing. _ Thus 7, 19, 37, 61, ete., may be used. The required cross- - 
sectional area of the cable combined with the limiting of strand 

mines which multiple to use. As has been ‘previously mentioned, sixty- one 

strands, each containing 434 No. 6 wires were used | to sada to each of 

the four cables for the George ‘Wadhingtos Bridge. 

Adjustment of Guide- Wires.—The guide- wires were set t just prior to the 

7 completion of the erection of cable-s -spinning equipment. _ Four wires for each 

cable were pulled “over the footbridges by hand. The galvanizing had been 

omitted from: these wires. ‘to make them easily ‘distinguishable from the 

= wire. . As has already been install these wires had to be adjusted 

o the correct sags as established by instrument. 

The sags are, usually measured in both: main and side spans. ‘However, 


n this case, due to the short side spans as compared to the main 


in the main span n only. The wire to be measured was on on 


in each tower saddle. When so placed, the wire immediately adjusted itself. 
to balance the tension on both sides of the saddle, in such a way that fixing 


the sag in the main span would automatically fix the sags in the side spans. 


ee -in. steel rollers, spaced 1 ft apart on a 1 steel strap laid in the center ‘groove : 


‘secure the sag in the main span, being made for varia- 
tion in temperature above or below the normal, which was 50° EF. With ‘this ot 
method of adjustment, “tower deflections could be “neglected since “they had 
no effect on the e sag because of the free movement of the wire 
on the rollers. _ Observations were made by means of a level instrument set 
up on the tower, sighting on an inverted target rod lowered through the 
footbridge decking at mid-s -span. Only one wire of each set was adjusted by 
instrument, the remaining wires being made to correspond to the first. 
Improvements in Cable- “Spinning Equipment. —Several new features were 


devised for spinning the cables of the George Washington Bridge. These 
cable wire t very well and made it possible to increase the Tate of spinning ~ 


cable wire beyond anything pr previously accomplished. 
Bens An improved method of mounting the reels of cable wire at the anchorages _ 
; — was introduced. ‘Tt had been the practice simply to mount the reels in a 
rack, relying ‘upon the ‘pull of the spinning wheel to rc ‘rotate the “reel. 
F “Manually ‘operated brakes served to slow down or to to stop the reel when neces- 
sary. ‘The inertia of ‘the reels, particularly when filled with wire, would 
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these difficulties, the reels were mounted on machines that 


ss oe them in a vertical plane at the: speed required to unreel the wire 

* as pulled out I by ‘the ‘spinning w wheel. A specially designed reel used, 
av consisting simply of. a steel plate cylinder, 6 ft in diameter, with bent 
channel flanges riveted to either end. | The reels each had a capacity of about 

8 tons of cable wire, a a continuous length of about 30 miles. T hey were slipped 


on and off an 1 overhanging cy lindrical member of ‘the machine with the aid - 
hand- Six telescoping arms extending out from ‘the as 


in place as shown in Fig. 23, ry, apts 
_ Eight unreeling machines, two for each cable, were required at each 7 

anchorage. = he driving power had to be capable | of rotating the machine at 
varying speeds up to approximately 75 rpm, and also capable « of changing A 


from o1 one limit to the other of this zener within a few seconds. r Hydraulic 
‘power was adopted being suitable for these eonditions. It 


consisted of an “electrically driven hydraulic pump, the output of “whieh 
could be varied i in amount and also: changed in direction by means of 
manually operated regulator. The ‘pump connected with high- 


pressure pipes to a a geared the unreeling machine 
One 100-hp electric motor was used to d drive a set of four pumps serving t the 


unreeling machines for a pair of cables at each anchorage. Only two 

n the New York side the machines were set up on top , of the anchorage _ 

block, behind the -bar pits. Those on the New Jersey side were up 

n the f floor steel directly over the eye- -bar pits. (See Fig. 

ie As an indication to the operator of the speed of the unreeling machine 

in relation to the s speed of the spinning wheel, the wire from the epee 


"between rates of unreeling and pu gz o1 


of the four machines, of course, were ever in- operation at the same time. 


a 
tained practically uniform tension in the ‘ ‘live” all ‘tendency 


it. to whip along the footbridges. Two deflecting sheaves were mounted 
“ in line at the top of a ‘structural ‘steel tower, as shown in Figs. ‘7 and 21. 
The wire coming from ‘the reel was” led over one e deflecting : sheave, down 


under a a floating ‘sheave e, and then up over the other deflecting sheave. The 
operator of the reel machine varied its speed to m maintain the — 


sheave as nearly as possible at the mid- point of its s range of travel. Uris dant 


=. The wire of one reel was spliced to that of the next with a sleeve coupling | 


pressed into place with a three-j “jaw hydraulic press. This splice was identical 


to that used i in the : shop for the manufactured lengths of wire. | bon wont 


a. manner in which the spinning wheel was attached to the hauling Topes which 


required a new type of hauling rope support. The spinning wheel was 
mounted | on the side of the rigid, triangular, structural steel frame shown 


a in Fig. 24, , the two upper corners of which were supported by pin- connected 


= Meeioeirens: and attached to the rope by two steel ‘straps. These 


a steel-plate links from two steel plates parallel to, and directly under, the ; 


nother “quite” important departure from customary practice was 
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to tighten thees points. ull of the hauling 
transmitted to the spinning wheel by means of a a third plate similarly attached | 
to the ; rope directly over the wheel, and p pin- n-connected to the frame. The p pin- 
hole in the plate was slotted in a direction | normal to the hauling rope in 
order to ) provide for . movement between it ‘and the frame + while the r rope i 
passing over the sheaves. ‘The intervals of rope between the straps were 
filled with collars of the same diameter as the straps, and tapered collars 
= placed at. each to create smoother | operation over the sheaves. 
oP An entirely new type of sheave was required for supporting the hai 
‘ropes, because the attachment to the spinning-wheel_ frame v was made under a 

‘the e rope rather than on one side as s had | been the former practice. The 
sheave designed - to meet this condition consisted. of two. independent wheels 

mounted opposite to, and at an angle with, each other, such that the distance 
between their flanges was a minimum at the top. The clearance ‘between 
the flanges. was fixed just so as to allow the straps supporting the -spinning- 

* wheel frame to pass. Pins attached to the axles of the wheels and ‘projecting — 

spiral slots cut in the caps clamping the axles to a caste 
served to adjust: this clearance quickly. 
‘machined to form a groove: centered ‘directly ‘over the gap between 


‘the lower part of which was of a diameter such as to fit the hauling rope Jt 


and the upper part: of a larger diameter to fit the straps and collars | of the 

-spinning- wheel attachment A series of these sheaves were placed in an arc 
at the towers and | over the -anchora ge wing to take care of the change | int 


7 direction of the hauling ropes at these poin At the : steel | bents, » which were 
‘spaced : at about 225-ft intervals along the idler sheaves were also, 


mounted above, and in line with, the support sheaves. The tension 


> hauling ropes was kept sufficient to maintain, a slight ‘reaction at 
these ‘points, except. during the passage of the wheel, thus “reducing to a 
- minimum the wear on the hauling rope resulting from the partial support of 


set _ The hauling ropes passed around idler sh sheaves at the New Y ork anchorage. 7 


The driving ‘equipment and the arrangement for maintaining tension in 
the mee were located at the New J ersey anchorage where the ropes passed — 


around d driving drums and around adjustable idler sheaves directly below io 
‘the drums. _ Adjustment was secured by wire line falls pulling down o the 


‘The were driven b means of 100- hp reversible electric 


through “Philadelphia” reduction gear units. At first, the maximum ‘speed. 


2 
set a at approximately 620 1 lin ft per 


lin ft per min, or 10% greater than had been attained previously on 
4 


6 
ov able working platforms supported ov er the anchorage eye- bars: 


behind the strand shoes (shown in Fig. ) were also an important feature. 
As the | were completed, these platforms: were moved up on 


| ___ were bent around a bror amped to the rope. The collar permitted — 
| 
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om of inclined trusses er ected « on either side of the eye- -bars. The hauling © 


ropes and the live wires from the compensating towers: passed around 
deflection sheaves “mounted c on these platforms, since it was necessary to. 
bring wheels the wire loops within easy reach of 
"il A dispatcher | on the New J Jersey side maintained complete control of ae 
operation of the spinning wheels. by 1 means of an electric signaling system. 7 
Push-buttons connected to signal bells at each anchorage, were placed - 
the working platforms at the eye- -bars, at each tower, and at every hauling © 
rope bent along” the footbridges. - Each o of these buttons was also. connected 
to an "annunciator board in the dispatcher’s house. The workmen at each 
anchorage would ‘signal when they had their loop of wire in place around 
the spinning wheel and after receiving the signal from both anchorages the 
‘dispatcher in turn, would signal the hauling rope operator by buzzer to 
‘start the wheels. If, for any ‘reason, it was necessary stop the 
at some point along the > footbridges, the men could so. ‘signal the operator 
with the push-button ne nearest that ‘point. The dispatcher knew immediately _ 
at what ; point the wheels had been stopped | and by telephone could determine — 
‘the: reason. When the trouble had been corrected, a starting - signal over the 
push-button notified the dispatcher to signal the operator start 
the wheels. | ‘This arrangement eliminated much lost time in locating the 
source of any trouble e and also the likelihood of accidents : from 
some one signaling to start t the wheels fr from point other 
St which they had been stopped, | 
As previously mentioned, the wires adjusted individually to hang 
at the correct sag in each of the three spans. — This is usually done by 
attaching to the wire | beyond the ‘supports through which the wee is to be 
rendered, l, a lineman’s s wire- gripping tool commonly known as a ‘ “come- along.” 

“eome- -along” is connected, in turn, ‘to a light manila rope falls with 
whi workmen stationed at these points pull up or slack of off on ‘the wire 
as signaled by an adjuster stationed at the mid-point of the s span in which | q 
the w wire | is s being adjusted. _ Ordinarily, this method is entirely adequate but 

in the case of the George Washington Bridge it had several disadvantages. — 

In« order to adjust the wires it was necessary to pull them up in tension to 
approximately 600 Ib., a greater force than could easily be applied single- x 

handed without makng ‘the: workman travel | excessive distances in adding» 
‘more parts to the falls. A Furthermore, t the length of the main | span was too 
great to permit visual ‘signaling from mid- -span to the towers. ‘Therefore, 
mechanical units at the “come-alongs,” controlled by the adjusters” in ‘the 
Spans, | were adopted. i The units, one set for each cable, were installed on 
either” side of both and at anchorage. Each “consisted 
an ‘endless rope that passed around two sheaves ‘mounted along the foot- 

"bridge and ‘thence down an electrically driven’ drum placed beneath. 


Pennant lines attached to rope and to the “come- -alongs” thus performed 


either byt the man at the “come- 
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the wires were ready to be adjusted when the adjustment 
been completed. ee instance, when a dead wire was adjusted in the near 7 
; side span and clamped, the men at the tower would turn on a pair of lights, — 


one at the tower and the other at the middle of the main n span. n. When —?— 
spinning wheel had ‘passed over the far tower and the men had “come- 
along” in position on the wire, they would turn on a pair of lights | i 
‘located. Both lights burning» at mid- -span was a signal to the adjuster to 
‘proceed with the adjustment of the v wire. When. completed to his satisfaction, 
he would turn out both sets of lights which served as a signal to the men 
at the far tower to clamp the wire and remove t the “come- along. ” Side-span 
adjustments were made in 1 an identical n manner. set of lights in each 
span served for the wires in the pair of Strands pulled out by one — 
wheel and ; an identical set served for the wires of the other pair of strands. 
| = As an aid to the adjusters in the main span, men were ‘stationed at the 
’ quarter- points to signal to the adjuster the positions | of the wire at ‘those © 
points. This precaution was, ‘necessary in order to adjust, properly, ‘such 
wires cas would not due to ‘slight non- uniformity of 


= 


points at the correct ‘relation to the group, , thus reducing the effective span z 
length for the adjustment to about one-half. pe 
;. Extremely accurate adjustments were ¢ obtained i by 1 this method. When a : 
strand was completed it was customary. to remove all banding ‘throughout its. 
4 ength, thus allowing all wires of the froup to hang freely for final inspection — 
of adjustment. It was not at all unusual to find all the wires in the main 
hanging within range of ft. Wires. hanging decidedly above or 
below the group were cut and shortened necessary and 
4 spliced with threaded sleeve ‘couplings. 
Seizing, Placing, and Adjusting ig the S trands—The strands were compacted 
4 tuts thelr circular forma  sppeeximately in. in diameter by means of 
‘specially designed tongs so constructed. that: “they would lock automatically 
when a certain diameter had been reached. _ They were easily adjusted to 
accommodate slight variations in strand diameter. The strands: were com- 


pacted at approximately 5- and were seized with cotton bands 


fi, 


cloth tape “treated ‘with an adhesive compound, “was s adopted for ‘the ie, 
strands. is ‘the: opinion of the writers that neither of these types of 


seizing “was entirely satisfactory as it is believed ‘that: they, did not break 
during the cable-squeezing operation to callow | the wires to become a 
re- adjusted. as to fill the voids. This” may be partly the cause” of the 
difficulty encountered in “squeezing cables, ‘mentioned later. This 
belief was strengthened upon observing the action of “these bands while 
squeezing a -model section of cable | to check the calculated cable diameter. 
The parts of the strand that would be placed in the tower and anchorage 


saddles were seized with a series of wire wrappings of several turns each viet 


ah. 
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“each, strand were drawn together 24 ft from shoe and seized 
a length of 12 in. with 1-in. stranded wire. 
Balance beams such as" that shown in Fig. 24 were used to lift the strands 


from the spinning position in the strand saddles to permanent position in * 
the. cable saddles. the towers w were built in the form of girders with 
- flanges” curved 80 as to be approximately parallel to to the curve of the strands: 


“passing” over the tower. The strand to be lifted was attached to the bottom 


by a series wire rope grommets, made up by hand from 
single length of wire strand. These grommets were placed under the strand, 


and their ends wer e looped over small cast shoes attached to the lower 
end of adjusting screws on opposite sides of the balance beam. During the 
operation of placing the ‘grommets. the balance beam was supported above 
the strand by wooden blocks resting the strand saddles so that 


grommets could be adjusted to nearly uniform tension. bie. oh 
ms _ The ‘strand was then lifted by two sets of 12-part falls hung from either 
end at. the crane, and was shifted laterally and lowered into place in the 


saddle as shown in Fig. 25. ‘This operation was carried on at one tower y 


= a np gl reduce the hazard of a ‘strand tearing loose from the balance 
beam. While being lifted at the tower, the strand was ‘similarly lifted at the 


adjacent anchorage saddle by a shorter balance | beam attached to a 60- ton 


hydraulic 1 pulling jack | which 1 was hung from a ca carriage rolling on a p: pair of 


I-beams. This arrangement is shown in Fig. 26. The beams were pivot-con- 


nected at t each ‘end to the sides of a steel bent over the sa saddles. he 

-earriage support permitted the strand to be shifted laterally from s spinning 
position to the final position, and the pivoting of the beams eliminated eccen- . 

trie pull on the 2 carriage during the operation of pulling back the strand to 

= make the permanent connection at the strand shoe. 


a Before lowering the strand into position in the saddle, steel fillers shaped — 
to fit around the under-half of the strand were in inserted between the parts of 


each grommet. The fillers were a little thicker than ‘the grommets. a Strips 


of thin sheet metal were placed above and below the fillers to facilitate the 


then pulled out if possible; if not, they were cut off and left in 1 place. 
‘The first strand placed in the main saddles for each pair of cables was: 
"adjusted to hang at the correct sags established by instrument. In the side. s 


spans this was done according to the method described for adjusting the foot- ¥ 


bridge ropes and in the main span as described for adjusting the guide- -wires. 


on ‘The first strand of the second cable of each pair was: adjusted to hang level 
ie ih the strand in the first cable which had been adjusted by ae, 


Be! The remaining strands of all cables were then adjusted to their proper rena og 


tion with t the strands already i in place. 


first placed in the saddles, the strands were set to hang approximately 
i 1 in. or 2 in. high in each of the spans, , leaving the grommets under the 


Saar strands at the anchorage saddles, ‘Observations were made early tlie following 

he morning when the strands were more nearly at uniform temperature, to 


determine the the amounts which | the s strands were too strands 
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were then rendered through the saddles during the day the amounts necessary 
to lower them to their correct positions. These amounts were calculated — 
& from ‘the known sag ratios, allowances being made for the effect of removing 
grommets at the anchorage saddles. The strands” were easily” rendered 
through the tower saddles by supporting them with chain falls from the bents 
that: held the hauling ropes in the side spans, and slacking off at the strand 
shoe. They were always held clear of the anchorage saddles during this 
operation. The strand adjustme nts in the main | span were usually — 7 
During the operations of sp spinning and ‘adjusting, the were 
oe in such a position that the horizontal component of the adjusted stz — 
in | the m main span equalled the horizontal component * the > adjusted strands in 


actual tension in . the side spans was epproximately 138% greater than. that 
at the main “span side of the saddle, and a friction of 13% between the 
strands and the saddle casting was required to restrain the strands ian 
Comparatively slight changes in temperature affected considerable 
in the relative tensions in the strand i in the tower saddle as between the main 
span and side span. The sag in the main span, . approximately 300 ft, was 
such that shortening of the wire due to decrease in temperature had little 


effect on the stress in the ‘strand at the tower. po However, the sa sags in the 


7. side spans were 80 slight (9 ft in one case and W ft in the e other), that « even 
7 slight changes in temperature made quite ‘material changes in stress in the 
_ strands on the shoreward side of the tower. This condition required special — 


—— 


consideration during the adjustment. of the first few strands because of the 


relative stiffness of the footbridge system and the tower, which resisted 
the comparatively small unbalanced forces. exerted on it by the strands, 
At the time of adjusting the first strand i in the » side spans, the Ton 
located on the tower tops. 

main-span tensions to overcome the friction, causing the 
to slip through the s saddles into the side spans. This condition was met by 
jacking the saddles farther _shoreward, after which the strands” could be 
readily retained in 1 adjusted ‘Position. © The friction was also increased by 7 


removing the mes ‘coat of paint that had been placed on the » machined sur 


lower ends of the -connecting eye-bars. Cross- heads and side bars» 
o that it could be extended hor a second pull or removed — 
entirely without dismantling a all the tackle. _ Shims were kept inserted between’ 


and a split sheave on pin at the 
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- = the lower cross- head and the adjustable lugs pinned to the side bars to prevent 


parallel- -wire cables, that as the upper layers | of ‘strands are | set in ion and 


adjusted, “unequal - temperature conditions caused by the sun shining on the | 
top layers cause the strands to lengthen and force their» way down between 
the ‘strands i in n the layers the strands become 50 wedged 


the adjusted | strands at seven points. in the 2 main span ¢ and at the middle 


of the side s spans. The members forming the upper parts of the frame ° were 
a built In sections which were bolted in» place ; as the upper layers of strands 
“were spun and adjusted. The frames attached to the two bottom 
; layers of strands by means of thin steel straps looped puna" the strands and 
a tightened with threaded rod extensions projecting through ‘ the > bottom of 


4 the retainers. twist developed in n the main- span causing the group 
of strands to rotate in one direction in one-half the span a and in the oppo- 
‘site > direction in the This” condition was most 


ing of the strands in relation to not pre- 
vent the strands from shifting, but did prevent them from returning to 

ete normal position. This was finally corrected by simply loosening the 
= straps attaching the frames to the strands. 


= sage Unusual Construction Details Required at Anchorages. —Several features 
in the design of the steel for the anchorage required special consideration in 
the construction of the cables. For economy, , the steelwork in the New J ersey 
Benes designed with a change in alignment between the strands and 
= eye- -bars, with the “bars toward a point 


operation thi this condition and the temporary positions 0 of 
saddles outside the c cable saddles tended to create excessive bending 
__ stresses in the embedded eye-bars : at their points | of projection from the con- 
crete, since the strand- -connecting eye- -bars that v were added and connected to 
_ the embedded bars at the time of spinning were _ allowed, during that opera- 
tion, to follow the alignment of the wire strand. This latter condition also 
would have caused excessive stress in the ey eye- bane, at the New York anchor- 
age. The bending stresses in the projecting bars were practically eliminated 
by bolting the bars down by tie-rods and ‘angle « clips to a pair of I-beams 7. 


erected beneath the bottom layer of eye-bars. The beams: 


don _ The change in alignment at ihe. New Jersey anchorage caused greater 
however, adj justment of the strands. It was necessary to 
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"deflect the lower sets of strands and eye-bars to final position 1 by pulling them 


- downward at the strand shoes. . The condition was a maximum at the lowest 
set of bars and decreased to zero at the middle set, above which point a grad-— 
ually increasing upward deflection was required in the upper sets ts of b bars. — rs. 
The problem of adjusting and holding the lower sets of strands out of q 
“Tine was somewhat difficult. Studies were made as to the feasibility of plac- 


ing anchor-bolts in the rock bottom of the eye- -bar pits and also of excavating 


niches in “opposite sides of the s and inserting I-beams, or girders, to 


af ‘economy and safety ‘tot use "inverted “truss” arch ribs (see strand 
- down trusses, ‘Fig. 21), hinged on the center line between cables and bearing 
against concrete pads built on the rock sides of the eye-bar pits. _ Four nol 
of these ribs, located just below the heads of the e eye-bars at the e strand shoes, 
were used in each eye-bar pit. _ The six lower layers of strands were held =f 
“position with tie-rods connected between the arch ribs and the eye- 
In the finished cable the eye- -bar heads are spaced plate 
and the upward reactions of the lower layers of eye- -bars are offset 7 the 
limited width of the e eye- -bar pits made it ‘practically 
mount the strand shoes for spinning in the customary inclined plane eve 
the eye- bar heads and still have room to | spin four strands for coal 
at one time. The strand leg, therefore, was designed to hold the strand shoe 7 
in a vertical plane in front of the eye- -bar head. It consisted of two major 
parts: me) A rectangular steel block of such dimensions as would fit between 
_ the ‘pair of eye bars: with the upper end machined to bear against a pin placed — 
through the eye- -bar heads; and (2) a steel forging, the lower end of which 
fitted around the eye-bars in back of the heads, the upper | end of which was © 
provided with a swivel mounting for attaching the strand shoe. A removable _ 
side- plate bolted to the lower part of the . forging prevented the -eye- bars from _ 
spreading and slipping ‘off the pin. Rectangular holes were” cut through 
‘the forging and steel block for inserting a key which transmitted the pull 
of the strand to the block and, in turn, to the  eye-bars. Pin-holes were 
“placed i in the ‘ens of the key for attaching the adjusting tackle, Provisions 
were made - for three different positions of the forging i in relation to the block, 
"corresp ponding to the computed variation in length of the strands. This was 
necessary to keep the strands as nearly as possible at a rca oe: height 


above the main- -span footbridges. 
Spinning Organization and Progress 


equipment and the adjustment of the guide- -wires was completed on m October 


1929. Due to some minor adjustments required, actual did not 
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Cable A (the four cables were designated A, B, C, and D, from south to 
ly | north) and three trips on Cable C. Spinning on Cable B and on Cable D | or 
to — 


The accompanying chart (Fig. 28), "records the daily progress in spinning 
ia the wire for each of the four cables. The rapid increase in efficiency of 
- operation is . clearly indicated. . The first set of four strands required an aver- 

age of (225 calendar t days i in spinning and L 214 calendar days i in adjusting and 

setting 1 up for the ‘next set of strands, as s compared to the later average of 
1 in spinning and 2 to 3 days in adjusting. 
first, the workmen were organized i in four crews, each of 


which adjusted the strands they had been ‘completed. This : 
ment did not prove entirely eee principally due to the —— 


T he spinning crews shifted in -eycles from to The 
a djusting crew worked in rotation « on all four cables. Progress was carefully 


‘supervised and regulated, the « crews being ordered to work « overtime if neces- 


ea Spinning was s completed on on Cable C on July 28, 1930, followed by | Cable 


4 on July 30. The ‘remaining cables, B and were completed August 
The maximum quantity of wire spun in any one day was on May 7, 1930, 

a 220 trips of the spinning wheels were made, | placing 880 wires totaling 


about 236 tons for three cables. On this day, two of the ‘spinning gangs” 


’ worked 1 oom hours, and the third, 10 | hours. The 1 maximum wire > spun in one 
-eable in « one e day was or on March 19, when 81 trips. ‘of the wheels were made in 


¥ 12 hours on Cable A, placing 324 wires, or about 87 tons of wire. . The > maxi- 


mum rate of 1 spinning wire in one cable for a a | period of 8 hours, or more, was 
7.84 trips of the wheels per hour, or about 8 tons of wire per hour. E desbi yr 


* cine Squeezing the Cables. —Immediately aft after the sixty- -first strand was adjusted, 


the cables were “squeezed in the main and side spans: to within about 20 ft 
of the saddles broke up — 


The preliminary “squeezer” “consisted of. hexagonal frame that su 

rounded the cable with hydraulic- -jacks mounted radially at the corners (see 

Figs. 29 and 30). Each jack was: fitted with a shoe that pressed against 
bat a Aa the cable, the ‘inside face being shaped to fit approximately over the corner 
strand and ‘the one adjacent on either side. The ‘squeezer was flexibly 

from a carriage which also held the hand- ~pumps for the hydraulic- 
jacks. This carriage ‘operated directly « on the cable, each end being supported 


4 by a two-wheeled truck that could be lowered or raised to adjust its position. 


The wheels were made of wood and were , shaped to fit the top layer of § 


strands. “Near the towers the carri were propelled with hoisting engines 


mo oe placed at the anchorages and on the flatter portions of the cables with 

ee hand falls. ‘Squeezing in the main 2 span began at the towers. A single 
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“guilingy jack and fastened with a wedge lock set in a cast saddle - shown 
in n Fi ig. 30. The same operations were followed - in- the side spa spans, working 


= from the towers to the anchorages and return. ~The main- ‘span “cables had 


= 


- squeezed principally at night when. the strands: ‘were more “nearly at at 
— temperature. - The hydraulic-jacks were 3 in. in diameter and were 
erated with oil pressures up to about 5 000 Ib per sq in. The pair of 
acks on the horizontal axis was connected one ‘pump, the upper p pair 
second, and the lower ‘pair to third pump. At each application the 
> outine w as first to apply the horizontal jacks a and th then the upper and lowe: er 


Two machines were used for the pulley eam squeezing ¢ beginning July 31 


cand ‘Snishing on. Augus ust 14, . During this time, the spinning ‘equipment at 


. TI he final Squeezers were very § similar to the preliminary squeezers. Each 
Faye 
consisted of : a circular frame surrounding ‘the cable with twelve hydraulic 
jacks: mounted radially, as shown in ‘Fig. 81. The jacks were 5% in. in 
_ diameter and were operated with oil I pressures up to about 6 0 000 Ib per sq in. 
The inside faces of the jack shoes were concave and, with the jacks extended, 
formed 26 in. in diameter. . The squeezers were supported by 

carriages ‘operating directly on the main cables. These carriages, ‘two for. 
each side | of the - river, ‘spanned pair being supported by two 
-double- wheeled trucks. running on each cable. The wheels” made 

wood and were shaped to fit the compacted pump was 
mounted on carriage operating the squeezers, which hung on 


out- gers: extending from one whand of the carriage. Hand- -operated d pulling 


— 


+ 
adjusting their ‘relation to “cables. “The “carriages: 


been - to the York anchorage. These r opes were | 


cut and ‘idler — to the cables at 


side spans, but due to their felt inadvisable = attempt this 
transfer. Equipment for handling” the squeezers” in the ‘side. spans 


_ improvised in the field. . The carriages: were also intended for use in p Scag 
porting and erecting the cable bands and suspenders, but this also proved 
impractical because the wheels the — bands unless they were 
= final squeezing | was begun at the middle < of the main span and pro- 
a gressed toward the towers. ‘ie Applications | were made at intervals fr from 2 to 
ft , depending upon the resulting diameter of the cable. first, all the 


plications were | 
oo es made at approximately 12-ft intervals. A 2-in. steel seizing band was 
— 
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‘jacks were connected as a unit, but this did not give satisfactory weredl 


because the final cross- -section of the cable was found to be elliptical with the 
ntal axis a maximum. The connections were then re- arranged so that 


the three jacks on either s worked together as” one unit. and the three 


on the top and bottom as separate units. This gave better results, but | even 
then, the horizontal diameter 0 of the cable \ varied from 1 in. to 2 in. more than | 
the vertical diameter. - It 1 was felt that this variation would have no detri-— 
mental effect so the squeezing proceeded on this basis. 


a In the side spans the final squeezing was begun at the anchorages and 


progressed toward the tower. The electric pump was placed on timber 
platform which rested directly on the main cables as shown in Fig. 32. T he 
squeezers were lashed to the lower end of the platform, and were skidded up 
the cables with the platform by means of the hoisting | engines at the 

~The final squeezing began on August 19 and was completed on September | 
20, 1930. a. Concurrently with this operation, the cable bands were erected 
behind squeezers, and hangers were installed for supporting the foot- 
bridges from the main cables as illustrated by Fig. 15. The ‘storm: 
was also dismantled and the suspender — and socketing equipment se t 


actual: positions da the cables i in relation to the theoretical. ‘This survey 


was” ‘made between the hours of ‘midnight ‘and sunrise to” advantage 
of the most favorable temperature conditions. pus hermometers were placed on 


the cables at various points, selected to to record the most probable _— 

temperature. It must be recognized, however, that in cables of this mag- 

nitude, the actual temperature throughout the cross- s-section is not: uniform 


and is, therefore, | quite indeterminate. The results” of the indicate 


a variation : in main- span sags of 0.06 ft above, to 0.19 ft below, the theoretical. 


No attempt » was “made to check the cable sags in the ‘side ‘spans since, by 


necessity, they could not vary any appreciable amount, considering the small 
variation in main-span sags. Se 


Erection of Cable Bands—The castings of the cable bands for the main 


span were skidded out on the footbridges on timber sleds. : The two castings 
forming” a complete band were hoisted | into” position with chain blocks: 
attached to a bent erected or on the cables. The cable bands for ‘the 
side spans were ‘transported from the anchorages b by carriages ‘running on a 


pair of cables and propelled by the hoisting engines. Four castings forming 


cable bands (one for each cable) were carried on each trip. They | were 


hung from rods inserted through two of the upper bolt holes with ‘the two 
halves: partly ‘surrounding ‘the cable, but separated ‘clearance. After 


being ‘shifted to Position, the ‘two halves were : pulled together, and ‘clamped 
to the cable permanent bolts, permitting the removal of the 


ape bolts. bands" were drawn u up 100 000-lb Motors 


“comes -alongs, urnished 


the 
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power for pulling on socket wrenches for ‘this purpose. 1 hie was: 
stages, a preliminary t 
mate tension, and a | final tightening prior to the ¢ erection of the floor steel, 


very. final the gaps. between “the: 

4 two halves of the c cable bands - were caulked with lead wool to prevent mois- 

ture from entering the cables. The caulking 1 was: ‘omitted in the bottom of 

Several bands at the middle of the main ‘Span provide for 
water that might work into the cables. _ 


es. aus vate haben als ihe 
Releasing of Footbridge Ropes.— —After the hangers for supporting the 


footbridges and cross- -br idges from the main cables had been installed, the 


footbridge ropes” were released from the decking. It will recalled 
that footbridge sections were clamped | to under side of the 


ropes, which thus facilitated this. ‘operation. The release of the ropes pre-- 
Bsa problem in the si side spans, because the difference in sag between 
Os loaded and unloaded ropes was 18 comparatively small. In the main span, " 


however, the difference sag between the loaded and unloaded ropes was 


- sont 10 ft. The footbridge panels were cut loose starting at the towers and 
progressing toward the center of the main span. Upon reaching the q quarter- 
aa ‘Points, the operation wi as “stopped and resumed at the center of the span. 


the load on the ropes: had been released so on Ghat the sag had decreased 
“points. behind the of and off progressively to 
tain a smooth transition between ~ panels hung from the main cables and 
those still attached to the ropes. 
eit Suspenders. —The footbridge ‘ropes w were measured for suspender lengths 
while hanging in free suspension, those for t the side spans and the ‘Iain 
span being at the tower by y short ‘pennant ropes. 
careful schedule was prepared in advance showing the length and 
- ton of the suspenders to be cut. In computing the lengths, consideration 
was given to the variation in stress at different points along the ropes at the 
ti ime of measurement. ‘str resses Were based on a of balanced 


horizontal components at the towers assuming the Tope to hang level with 
the bottom of the main cables at the center of. the main ‘span, a condition z 


a which was ‘obtained by supporting the ropes at the towers with changers 
attached to rollers. ‘The lengths were also corrected to ) correspond to varia- 


tion in cable “sags. st No allowances were made for later adjustment with the 

ah 


The measurements: were made at night to advantage of more uni- 


form temperature conditions. ‘This also ‘permitted suspending and 1 reeling 


‘the ends ‘and mid- for’ each suspender being located and 
together with its panel point number. White. stripes were also painted at 
— intervals along” the rope to indicate the lay at the time of measurement. a 


to avoid in resulting from possible twisting 
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the handling s subsequent to measuring. The Next morning 
the ropes were lowered to rest. on the ‘footbridges and the main- -span section 


was ‘ “burned” i in two at a waste part of the Tope, which was usually 
the c center of the main span. - The main- span ropes were then reeled up sf 


7: each tower on wooden reels mounted on _ the platforms « over the cable saddles, 
Duplicate cutting and was placed o on ‘the tower 
Due to the restricted area available, tl the he suspenders had to be handled 
on reels (see Fig. 83). The or one containing the half main- span length 
a length of rope was: ‘mounted adjacent to the inside cable eaddle 

- with its axis parallel to the center line of the bridge. The end of the rope | 
was taken from the reel and cut at the first end of a suspender with a hydrau- % 
lie shear. _ The sheared end was then passed around a horizontal ic idler sheave _ 
a - back to a steel drum near the rope r reel. The 1 rope was as reeled up up. on this drum 
until the mid- “point of the -‘suspender was half- -way around the idler - sheave. 


While i in this position, two zinc buttons were cast on the rope at the ced 


ig distance on either side of the mid- point to serve as retainers for the clamp, 


ing 


- -eable. The lan. or bight of the suspender was then placed on a second drum 


mounted on a hand-car’ behind the idler sheave, and the two parts of 


suspender were 1 reeled up, pulling the rope from the and the adjacent 
mbit drum. It was then sheared at the mark locating the other end of the sus- 


pender, which completed the cutting operation. ‘Zine seizing blocks wi 
Oe steel inserts fitting the strands of the rope ‘were clamped | on either side of 
the: cutting points, which prevented the strands from untwisting and also 


served as stops for setting the sockets. After cutting, the drum was shifted 
a storage track where the wires of the ‘Tope were broomed out and 


“ = 
Thee ‘suspenders were socketed | on an elevated enclosed platf ‘orm, the ends 


‘the rope being pulled up from the drum. These ends: were clamped 


+ 


"guides. “Two halves of a steel block supported by the guides were bolted 

together, the rope passing through a tapered hole in the block. acking 

the rope wn through this block forced the broomed wires into a 

~ compact circular group. T he downward jacking was stopped when the ends 

of the wire were about flush with the top of the block. A split collar, tapered 

-" on the | wager to fit down i into the hole i in the block, was then placed around = 

the wires. socket was placed « on the top of the collar over a a thin 

een which fi fitted into the hole in the | socket. After: clamping the socket hated 

“guides, the ‘rope. was jacked upward, "forcing the ends the into” 

si socket. The collar. was then removed and the rope was. ‘raised to” 


bring the seizing block in coritact with the socket. ‘Melted zine from electric 


furnaces was then poured into the sockets. = 


and night shifts were employed “order t to maintain, the ‘sched ule 


Ya. two footbridge 1 ropes per day. . T The suspenders for the : north pair of cables 


which would hold the two parts of the suspender the main 
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’ 


were cut fiom the ‘ropes support ing the south footbridge followed by the sus: 


penders for the south cables from the north footbridge ropes. gi yt) lune 

vm Erecting the Suspenders. —The drums containing the longer suspenders, 
which c could not | be erected by hand, were placed in racks on top of the tower 
saddles. ends of hs “were allowed to o unreel and slide 
the footbridges on either side of the cable on which the suspender was to be 
erected. At the designated panel point the ends were placed over wood- lined 


and through: the as. shown n in Fig. 34. 


_ the bands, the wrapping terminates in recesses machined at the ends of t the 
 Water- -tight connections are made by ¢ aulking with lead wool. 
‘The wire was applied 1 under tension in such a manner as: to insure close 
contact between the turns. A heavy coat of red lead paste was applied just —- 
in advance of the wrapping and one coat of red lead paint and two coats of 
aluminum paint were applied afterward. ‘This method produces an effective 7 
seal around the cables and has long been ‘adopted : as. being the most satisfac-_ 
to ‘protect parallel w wire cables, tal?” 


», 
i order to an the wrapping wire from becoming loose due to length- 


7 ening of the cables, it is desirable to postpone the wrapping until all, or at 


least the major part, of the dead load of the bridge is in place. - For this - 


“reason the wrapping operation did not start until July: 9, 1981, after the cm 
crete roadway and sidewalk vai were in n place. It was wanes on October 


wire was placed by two under a tension: of 400 to 


lb as nearly as could estimated and ‘maintained. One applied 


end; “the first, a “pusher” type, operated directly on ‘the e cable ahead 


“of the wrapping, , and the second, a “puller” type, moved along o1 on the wrap-| 

ping. Except fo for r the direction of rotation, the two machines were essentially 

‘identical and were adopted to eliminate all hand-wr -wrapping, g, the intent being 
‘to wrap approximately one-half of each panel with a “pusher” machine and — ~ 
then complete the panel with the ‘ puller” machine, In actual service, how- 
ever, the latter did not prove satisfactory | as s there v was; a tendency: to — 


the wrapping while le sliding over it. the “puller” machine inter- 


if any defects existed it ‘was necessary to “unwrap for a distance of 5 ft in. 
order to correct them. Accordingly, the ‘ “pusher” machine was used wherever — 
‘possible, the remaining part in each panel being wrapped by hand. 


difficulty “was experienced, mainly in he side spans, with loose 
_ wrapping over a flat strip on top of the cable. This difficulty was overcome 


~ 
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by filling out the area with several layers of sheet lead. These sheets” 
“were, of varying width and were beveled along the edges. A strip of gal- 


-vanized iron was placed on on top” of the lead to keep the wrapping wire from 
pressing into it, which would have prevented the necessary crowding a action 


betwe een the turns ¢ of wire. Ye od 
Four machines of each type were provided, one of which is shown in ‘Fig. | 


(85. ‘hey were assembled on sheet- -steel saddles about 5 ft long. The el 


= shaped to bear ‘directly on the -eables, a cast-steel yoke being bolted to 
one end. From the yoke were hung» two electric motors, one on side, 


motors of of 10- capable | of delving the machine at 50 rpm, were first 
used, but later were replaced with 15- s-hp motors rotating at the same speed. An 
motor operating through a “Bendix” unit and reduction. gears to 
+ one 0 of the main motors supplied a slow-speed drive f for starting or r wrapping 
; the cable adjacent to the band. ‘The motors were geared directly to a ring 
surrounding the cable at abc about the center of the saddle. The ring 
in a groove machined in a bronze bearing bolted to the saddle. 
apping wire was carried on two reels on either side of the ring gear. 


These reels. also. ran ‘in grooves in bronze bearings bolted to the saddle. 


 Band- -brakes attached to the gear and rubbing on the adjacent flanges’ 
a of the reels served to ) rotate th the reels for loading with h wire and 2 also to produce 
- the tension in ‘the wire for wrapping. _ These brakes : were adjustable for 1 regu- 

~ lating the wire . tension. . They could also be released by a lever device. Sup-_ 


plementary brake-shoes, attached to the saddle, could be tightened to bear 
against the reels for unwrapping. A flyer 1 ring, mounted in a bronze bearing» 


- at the ot other end of the saddle, was connected to the ring gear by two notched = 


plates: bolted to the ring and fitting « over lugs cast on the side of the gear. 
These had to be removed each time the reels” were loaded with wire. — — 


fingers were evenly spaced on the ot outside face of the flyer ring. _ These were 


made in the form of radial. plungers sliding | in n housing bolted to the ring. 
_ The plungers were fitted with steel shoes that bore against t the last few turns - 


of wrapping» wire. Lips, extending down from one edge of the shoes and 7 
just: clearing the cable wire, produced a crowding action that forced 
turn of wire in contact with the previous | turn. — Coiled springs with ‘screw 
adjustment bearing against the plungers, kept the shoes” in contact with” 


The wires were led from the reels on opposite sides of the machine passing 


over brass. guides and through holes in the ‘gear ¢ and flyer ring ‘to the cable. 
The overturning effect” on the machine due to the tension in the wires © ‘was 


resisted by pipe outriggers bearing on the adjacent cable. ‘The ‘reels, gear. 


and flyer ring w were made in two | sections, bolted together. _ They were 
separated each time the machine was shifted to a new panel, — wiatamtcorige 


ba - Wrapping started at the center of the main ‘span and at the anchorages a i 
progressed toward the towers. No automatic mechanism was provided for 


advancing the machines along” the cable as it was felt that the crowding 


action of the shoes bearing: against the wrapping wire would be sufficient 
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the machine ahead.  iphead weeny however, to to provide some 
auxiliary means to accomplish this. Experiments were made with various 
systems of counterweights, but the that proved most satisfactory 
was simply to pull the machine ahead with a hand-winch fastened to the _ ny 
cable from one panel to two panels i in advance of the wrapping. _ Manila-rope 


snubbing lines working against the winches ' were used to prevent the machines" 
~ The wrapping wire was shipped t to the ‘site 0 on the e reels used for the cable 
wire, v which were fitted with axles and were mounted in racks on the roadway 
at the center of the main span and adjacent to the towers. The wire was led” 
from the e reels up to the footbridges and thence along the footbridges to — 
the “point | of wr rapping, those on the 1 wrapping machines being filled from the 
be convenient source. The reels were rotated in the same direction while 
being filled as the machine rotated in placing the Portable 
butt-welding machines were used to splice the wire. 


Look STEEL ERECTION 
‘eal General Procedure. —On September 12, 1930, while the contractor for the | 
~ 


cables was engaged in final cable compacting the steel contractor 
began to erect” the floor steel of the towers. — a A Chicago boom was assembled : 
on the lower portal of each “tower, | and ‘the floor steel within the tower was 
erected by this means. The travelers for erecting the floor of the main haul 
were then assembled a at the the suspender ‘ropes were in n place” 


hoisting the steel directly from car floats anchored in the river, and moving 


ahead as each panel was completed. 
s side- “span travelers were assembled at the towers after the main- span 


travelers had advanced a Because of the location the 


the main ‘span, proceeding from ‘the towers toward the center of 


to the floor level o1 on 1 the | main- -span - sides of the towers, placed on seine -cars, 
pushed over the previously erected side- “span steelwork to a point from 
- which the material could be picked and placed in “position by the side- -span_ 


_ The Main- Span Travelers. —Two A-frame derricks, with cable back- “stays, 


placed side by side, made up each main-sp: -span traveler. a The derricks of the 

New Jersey traveler (shown in ‘Fig. 36) had been ‘used by the contractor 

to erect the Cooper River Bridge, at Charleston, Ss. C, and those of the | 

New York traveler had been used i in erecting the Outerbridge Crossing over 
the Arthur Kill to Staten Island, New York, and the Mt. Hope Bridge, 


in Rhode Island. hey were entirely therefore, as to “detail. 


Fr, The derricks in Fig. 36 were link- connected together at ‘their sills, but 

otherwise ‘entirely independent of each other. Se. ‘The A- frames had a 
comparatively | short spread at the sill (18 ft 5} in.) and, therefore, to improve | 
stability during erection they were braced further by side guy legs of 1b- -in. 


channel sections on the north side of the north derrick and on 
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They were mounted eled on rails fillet- 


Bethlehem girder sections laid on the transverse beams. In position for 


erection, the derricks were raised from the trucks, the loads being transferred 


to the floor-beam by mea ans of an assembly | of serew-jacks an id castings under. 
each leg. At the rear end, the derrick was lifted from its trucks by 12 by 


12-in. blocking wedged between the frame and the steelwork and, at the 
same time, tied down by rope slings passed under the transverse I- beams. 
oh wo gasoline oagine (three- -drum, three- speed, 150- hp), operated the New 
Jersey derricks. The booms we were swung by” block- and- fall swing lines 
from the engines, and the derricks were advanced from position. 
to position by means of manila rope » falls. ‘The entire ‘traveler with the 
‘The traveler derricks on the New _— end wy greater spread o 
the A frame legs at the ‘sills—about 23 ft. They were link-connected at 
‘sills, as was the case > with the N derricks. ‘T he A- 


by four parts of 1-in. made fast to the “north: poy south 

the traveler during hoisting” operations. These guy | lines” replaced the 
oa used for the New Jersey derricks. They were mounted on trucks 
on rails, but were raised from the trucks by means of wedge- jacks and blocks 


at the and blocks with wedges at the rear end of the frame before 


-£E ach derrick was equipped with an 85 ft bo m2 and powered by a 4- drum, 


150- -hp, ‘electric engine. These. 4 drum units were those which, when coupled 
with units of three additional drums, had composed the seven-drum engines 


used erecting the towers, previously described. The four drums 
‘operated the main load, the auxiliary load, the boom falls, ‘and the falls for 


_ advancing the traveler. ie The booms » were swung | by block- -and- fall swing lines 
a small electric motor on the traveler. ne he » weight: of the New Y ork 


traveler with the engines was ‘approximately 
‘The use of electric engines for one traveler and gasoline engines for the 

other is explained by the fact ‘that, although gasoline ‘engines were p pre- 


ferable, only the pair for the operation of one traveler were owned by the 


‘contractor, the purchase « of additional units was not considered to 


justified since the electric engines were already available at the site. — The 


electric engines required the use of heavy conductor cables, however, which 


“were costly and ‘were "expensive ‘to handle in field. The choice of ‘the 


New York traveler for the use of the electric engines was dictated by 


cheaper power rate on that the river. 


Structural Steel in the Main 3 Ww in handling the 
‘steelwork for the towers, all the steel for ‘the system was shipped from 


~ the shops to ‘ground. storage at the New Jersey terminal yards of the rail- 
i‘ “ronda, where the pieces were reloaded on cars in a manner that made possible | 


their removal in the sequence required ‘in erection. Except for the floor 
members were hoisted 


‘steel of the first panel at the New York tower, all 


from car- -floats moored to barges in the riv er, came E below the panel io 
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erected. The barges. were anchored i in the river by at the corne 


‘Bon lines permitted the barges to shift a certain amount without changing 
the location: of the rewired, the anchors were changed to 


first steelwork the suspended structure was erected in 


span at the New Jersey tower on October 28, 1930. According to ‘the usual 
_ procedure, as followed through i in erecting a ty ypical panel of floor steel, 

of the traveler together raised the floor- beam, wei ighing 

"approximately 62 tons. During this operation, the weight “was equally 


distributed between the derricks by the use of a balance sheave. : 


> * hile on the car- -float, light scaffolds were attached “near the ends of © 


the floor- -beam give the bridgemen positions from which ‘to work while 
entering the socketed ends of the suspender ropes in the seat connections 


provided o on the floor- beam. W orkmen. did n not ride the ‘floor-beam 


the hoisting operation, , but walked out. to it on 12 by 12-1 in. timber struts 
used to space the floor-beam from the panel previously erected. - ald 


The fastening of the eight suspender- rope Sockets to each 
floor-beam the most tedious ‘part of the operation. 
been made to the lines painted on the suspender ropes during 
of measuring, the object being to permit attachment of the rope without 
excessive satadlone or untwisting. F or the longer ropes, a single turn variation 
from the condition under which the rope was measured may so alter the lay — 
* to change the length by as much as 3 in. It was highly desirable, of 
rse, to maintain the measured length of It n 


servation of the > painted line to make sure 

actual practice it was found to be exceedin; gly difficult to 
or not the long suspenders | were entirely free from twists. The line coul 1 
be followed for a considerable under ‘certain conditions: of light, 
especially in hazy weather, it was almost impossible | to follow the painted — 


“1988 


q 


os After the floor-beam had been set in place, each of the two derricks pro- 


in 


_ ceeded to operate independently in filling i in the remainder of. the steel required 


in the panel. The first members were the wind chords, which were entere ‘ed 

in the floor-b -beams from below. These were followed by the stringers, braci "Ing 7 

and transverse beams. The bulb-beams were hoisted to the deck » but | were — 

not placed in position by the travelers. Otherwise, the entire floor steel a 

erected complete one pass. Because of the relatively ‘great mass of 
eables, such a | procedure was possible without producing objectional le dis- 

tortions in spite of the great weight of the travelers. Saddle motions, cable 


bending, saddle friction, operating grades for travelers, and general as well 
as local floor distortions for this condition were ulated i in 


floor steel followed a curve was concave upward 
progressed to approximately Panel Point (See Figs. and 38. 


_ this point, the curve > became flat and thereafter it was concave downward. 
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Structures. The deformations of the main floor during the various stages of 


construction are shown on Fig. 38, floor load of 8000 Ib per of 


bridge. ‘For purposes of comparison all data were corrected to normal 


se temperature 0 of + 50° F. In a few cases s the corresponding theoretical profiles > 


e 


However, xperienced because of the distortion, 
principally with the wind, chords and the ‘diagonal wind- ‘bracing. The ends 
of th chord members are milled at right angles although the final -eurva- 


of the chords is concave e downward. ~The ‘secondary Stresses induced 


by this. curvature were calculated as an belhe too small to warrant milling at 


As erected, the abutting: chord members were in contact at the top 


open the bottom of the joint. It was impossible, therefore, to ‘fit 
up the splices completely, immediately after erection ; and yet, "because 


of the action of the wind on the erected | part 0 of the floor system, it was 


essential that a certain: minimum number of bolts be placed in order to 
carry the ) stresses safely. The desired results were obtained by fitting up the 


plices in the cover- -plates, the remaining splice- “plates being left. loose. — As 


the erection progressed, careful check ‘made from time to time to | ‘ 
‘determine the ‘profile, ‘and whenever the chords over two or three panels > 
ended to “approach a straight line, the remainder of the splice at these 
points was fitted up. No drifting was permitted when it would be i ‘injurious 
a to the holes. e Special drift- -pins of exact diameter were driven by air hammer. | 
The -beams are framed to hang vertically in in completed bridge, 
rather than normal to the: roadway. As erected, the chord members sloped n 
upward away from the traveler, ¢ causing a considerable angle between chord a 
floor-beam connections. Therefore, when first entered from below, the | 
_ chord was held up to the forward floor- beam by bolts through the -cover- -plate. 7 
tilting of the floor- beam necessary complete th the connection occurred 
the stringers ‘were erected. These stringers “were bolted only through 
mY _ the holes in the seat connections at both « ends as first erected. The eccentric a 
Bs from these stringers on the forward floor- beam also tipped it sufficiently -_ 


to permit “making” the top holes" of the stringer connections. Theor retically, 


the "fact that the chords hinged at the rear splice- plates, 8 ft off the panel 
vould cause the chords and stringers” to come into the floor- beam 


at ‘slightly different angles. However, the ‘difference was not noticeable in 


ar Some difficulty wes experienced in erecting the diagonal members of the 
4 


truss system. These members lie below the plane of the stringers. 
~ Accordingly, during t the time that the profile of the floor followed a curve ze 
meay e upward, the e actual distance between ‘the points. of attachment of 
the ends exceeded the final amount. At times, it appeared. to be almost 
a to make the end connections of both the diagonals in a panel. r 
However, by the use of small bolts the connections were made, although re 


btained. 
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A. 
During the early Stages temporary connections of the chords to the 
towers were e required to resist the lateral deflection of the floor steel due to. 
wind. Calculations indicated that, with the steel erected seven panels out 
from the tower, the lateral deflection at the last oaillt point erected could 
‘be as much as 13}, ft under ‘moderately. heavy wind pressure. This deflection 
would cause a longitudinal motion of 45 in. in one cl chord, assuming the other 
hord to be fixed. Since this amount would exceed “the maximum allowable, 
it was necessary “to to bolt 1 the end chord members ‘to connections 
erection continued beyond the seventh | panel from the tower, the 
computed lateral deflection and consequent potential motion the tower 
became less, while the wind stresses. naturally became greater. 
“necessary, therefore, to release the temporary, connection shortly thereafter 
although blocking between the chord and tower was left i in n place until, the 
ler reached the twenty-second panel from the tower. 
When ‘the the floor steel was begun, ‘the. cable saddles on 
Ay the towers were set approximately 23 in. shoreward of their ‘ultimate posi- 
tion, in order to allow for the lengthening that would take place in 
7 side-span cables due to the added dead load of the completed structure. 
Cable. bands and suspenders at the first panel point adjacent to the towers 
in the ‘Main ‘span were thus displaced horizontally so that the > space between 
- the floor- -beam—when hung from the suspenders—and the tower was 23 in. 


less than ith of 6 in. at the strut a ‘latitude 


amount of shoreward horizontal of bands 


penders at ‘succeeding panel points, and corresponding ‘ ‘push out” of. 
the floor-beam required to make connections, decreased progressively, the 


displacement becoming zero at. the eighth | panel point the tower. 


Beyond that point: the displacement gradually y increased in a riverward 
direction attaining a maximum of | 8 In. the ‘seventeenth panel point from 


the tower and then ‘gradually, decreasing to me at the center of the “span, 
twenty- eight panels from the tower. 


oid Closing Operations—Main Span— —The cable bands are along the 
ables i in such a manner as to bring ‘the suspender ropes to a 1 vertical “posi-_ 


tion at 60-ft horizontal spaces when both decks | are” in place. With o only 
the steelwork of the upper deck in ‘place the average location of the cable 


band v ‘was such that if both half-span units» were cut free at the towers 3 and 
“allowed to float into equilibrium position the gap between the last two panel 


points at closing would be 14 in. shorter than the closing chord - members 


ormal temperature > conditions, this being» to the inclination of 


the suspenders throughout the “central part o of the span, where they are 


closer together at the cable than they are at the 


Computations indicated | that a 26-ton jacking force, if applied at mid- 
span, , would be required to hold the two units apart the distance necessary 


inserting the closing chord. Measurements were taken of the > gap between 
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milled faces of chord splices when steel ‘erected to within three 
of The New J ersey half- span unit of floor steel was 


the shortening of ‘the: gap due to the deflection of the: tio half- 
units while adding the last three panels, plus an allowance for a Possible 
change due to temperature » rise subsequent to measurement, plus” 
nominal 4-i in. allowance for insertion of the closing 
The shortening of the gap due to the .e profile changes subsequent to the 
measurement was computed to be 1 in.; and the effect of ec warionntal would 
close the | gap 24 in. for each rise of 10° in temperature. 
ie it developed the temperature rise was slightly more than anticipated 
although not enough to cause any difficulty i in closure. _ The closing chord 
“members s were set in place with -in. clearance. last panel wa: was erected. 
at the center of the main span on 1 December 29, - 1930, 62 days after the ) erec- 
tio tion of the first suspended steelwork (October 28 , 1930). Fifty-eight “panels 
of steelwork were erected by the main-span| travelers | in 40 working days, an 
“average only slightly less. than 13 panels per day. 
; ‘The Side- Span T ravelers.—The travelers for the erection of the side spans 
h were alike. Each consisted of one of the stiff- leg derricks used on the eanveell 
traveler. . Because of the - comparative : shortness of the cables in the side span 
little change in cable deflection w was to be considered i in erecting the steel, and — 
for the same reason, progress in erection could be allowed to lag far behind 
_ that of the main span. Of course, the reverse would not be true; side-spar 
: “steel erection could not: precede the main- span steel erection. The single- 
boom stiff-leg derrick, while slower, was, | therefore, entirely satisfactory; in 
fact, it was the most satisfactory type of equipment for swinging back to 
handle members trucked to it over the floor steel for erection in the following 


‘The derricks had 85- booms and were designed to have 


will be: het: engines for the of the 
tion travelers were near the base of the onan’ on the shore side. 2. One- of 
the three-drum units s (an electric engine of 150- hp capacity) left in its origi- 
nal position, was used to operate the side-span traveler. The ~“cat-heads,” 
which had been used in hoisting the tower erection traveler - were located at 
convenient points to carry the leads from the. derricks to the e engine. Special — 
sheaves were also provided | to support the leads above the floor steel. pied on 
i ‘Structural Steel in the Side Spans.—The | steel for delivery to the New ‘i, 
Jersey side span was brought from ground storage in car- -floats which were 
"moored ‘on the river ‘side of the tower foundation piers. The remaining 
stiff] leg derrick of the tower traveler was set up within the portal and on " 
- the south side | of the roadway at the river face of the tower, one leg being 
replaced by short: connection to the tower steel. Ae In. position, the 
boom reached over the side of the floor ‘steel on the main span and nel 
members to the e deck level. There was just sufficient space to the 
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and the first ‘group of sus- 

lene rope. The members w “were placed on trucks, operating on the bulb- 
beams as rails, near the north ‘side of the roadwi ay, and were then carried 
toa position in the last ‘panel. erected, within reach of the traveler boom. 


ali The arrangement for hoisting the steel to the roadway level on the New 
York end was somewhat different. gt It will be recalled that the New York 


‘tower foundations a are back a short distance from the water’ 3 edge, 1 necessitat- 
ing a temporary moorin gw vharf for the car- -floats. Ac cordingly, the ‘stiff-leg 
“derrick fo for hoisting side-sp span "materials was skidded to position in the 
second panel the main span, , from which position it. ‘could reach over 
the side of the f floor steel and nd hoist t the steel members © to the floor level for 

url The floor steel was erected in the same order as was. followed on the main 
span, although somewhat different conditions were to be met. t. The side- -span 
travelers, practically always worked on a down- grade ahead. As in the main 
_ span, the floor-b beams were framed to hang vertically in the completed bridge 
and, therefore, required tipping forward to. permit matching holes in the 
connections between the ch chords and the floor-beams. 
At the beginning of . erection. the cable bands a and suspenders at the first 
- panel adjacent to the tower in the side span were approximately 23 in. ‘shore- 
ward of their normal ‘Position because of the setback of the tower saddles as 


previously explained. he displacement of cable” bands | and 


_ shoreward was, of course, progressively less at each panel point | toward the 
a ‘saaheenge ‘until the last was only 3 in. shoreward horizontally. All these 
conditions were anticipated and met by pulling the floor- -beams b; back toward 
the traveler to make the chord connections, and it was necessary to lash the 
chords to the tower to avoid pulling the first panel stringers off their seats 


te As i in 1 the mi main span, ‘temporary connection with was used 


_ Erection operations in the side spans were slower than those of the 1 main 
span, two or three days being required for each panel. The New Jersey 
/- was camaploned on e anuary 8, 1931, and the New York side on J anuary 
Power Positions: wi: the Cable tn 
Position | of the tops of the towers for various conditions of loading are shown 

in Table 2. - ‘Typical | average conditions, which include the maximum range 

during cable spinning and erection of the floor steel are | shown. For sim- 
‘Plicity, the motions ar are given for New Jersey tower ‘only. Except for 
slight discrepancies that are unexplainable, these motions ‘agree reasonably 
well with values calculated in advance. to je 
~The: effect of the footbridge ropes as erected, | but not adjusted, was to 
 eanse a slight riverward deflection. was caused by the fact that ten- 
sions in side- span and main- span ropes were approximately at the 


time, resulting an unbalanced H- -component. Considerable 
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—STEEL ERECTION IN SIDE SPANS; FLOOR-BEAM READY FOR PLACING. 
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40.—STEEL ERECTION IN SIDE SPANS; FLOOR-BEAM BEING SET IN PLACE. 
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TABLE 2— 


lg Temperature, Average defleo- Average position av in 
_in degrees tion from | Of cable saddles 
shore),infeet | 


1, 1929... Normal unloaded tower. __ 
August 8, 1929 1.89 Footbridge ropes erected, 

September 11, 1929.. 0. . Footbridge ropes a 
October 22, 1929.... Footbridges complete 
“November 27, 1929..| TFirst set of strands in 
Cable C and spinning» 


December 12, 1929. 0 
“Cables 4, B, and C ad- 
justed; partly adjusted in| 


_ September 30, 1930. . 0.32 Cables completed and foot: 


13, 1930. 0.39 2.00 Four panels of main-span 
hig steel erected adjacent to 


November 18, 1930..| 54 0. 10 65 Five of 
tee t t 
December 1990. aL (1.65 _| Eighteen panels adjacent to 


December 11, 1930. ‘ 40 Eighteen panels adjacent to 
New York tower in main 


Position for other — 
a First set of strands 


* Deflection toward the shore. 

The four cables were designated A, B, and D, from south to bs 

tightening was required for ‘adjustment in the side- span ropes, ‘which pulled 


“the top of ‘the tower shoreward. | _ The original intention w was that the towers 
would be vertical for this condition at ‘normal temperature. It will | be 


observed that the greatest deflection occurred with the first few completed. 


strands ‘their spinning positions, the tower being gradually drawn more 


nearly vertical by the successive adjustment of completed strands. Further-— 
more, the tendency of the cables to cause excessive riverward | deflections. 
during the erection of ‘the floor steel was . offset by adjustment i in the position — 
of the eable saddles. changes in in position were made by jacking, the 


"position being maintained by temporary blocks inserted between the river 


side | of the saddles” and the steelwork of the tower. dis — 


toa ‘position in. _shoreward of the center 


York tower, 
positions for normal temperature 


pleted upper deck. _ The saddles 
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at the towers would assume 
der the dead load of the com- 
in these positions by ‘Ja 4 


i q the steel floor "system was tc to be completed by J uly 31, 1931. 


»* 


4 how closely the advance program was adhered to o on work of such mag- 


‘construction progr am, with ‘dates be was ras established 
in the contracts. Certain modifications were made in the original schedule 
at the time the ‘cable contractor changed from } his original plan of suc- 

cessive erection to that of simultaneous erection. 
_ According t to the schedule as revised, the erection of the > steelwork of tl the , 
two towers was to be completed. by June 1, 1929, to such an extent as 


permit the erection of grillages, saddles, and cable falsework, and all work 


on the towers was to be completed by September 1929. Cable construc- 
; tion, except wrapping, was to be completed by November 4, 1930, in order 
‘that erection of the floor system might begin on that date, and the floor 
4 ‘system: was to be completed by May 1, 1931, to such an extent as to permit 


a start to be made on the construction of the concrete deck. All wee easll 


ts The dates of the construction program are cited in order to indicate . | 


nitude. Assembly of erection equipment. ws was begun on the foundation of 
the New Jersey tower on May 1928, and on the New ‘York foundation, 


about July 15, 1928. The towers completed, ready for cable opera- 
tions, | during Tune, 1929. At that time the > contractor for the cable 


"construction had made a beginning o on the installation of his equipment. 
-Grillages under the saddles | on of the towers were erected on the towers" 


steel on the ag and the footbridges, “proceeded during 
the months of July, August, and September. _ Cable spinning was begun 7 
October 1, 1929, and was August 8, 1930, after which the sus- 

pender ‘Topes were placed in time to permit the erection of the e first sus-_ 
"steelwork on October 28, 1980. weeks. later, December 29, 
1930, the last panel of main-span steelwork was in place. | The side- “span n 


rer 


foo steel erection, which proceeded more ‘slowly, was completed on J anuary 


Conmmacrons ann 


The towers anc ‘floor steel | were supplied a and erected by the McClintic- 
Marshall Company at ‘a cost of $10 823 000. For the David S. 
_ Gendell, J tr, M. Am. Soe. ec. OC. E., Manager of Erection, was in charge, assisted 
Mr. A. 8. Halteman, Resident Engineer. Mr. H. G. Reynolds was 
Foreman for the work on the New York side and Mr. W. B. Fortune | on 
ime The e cables, suspenders, and anchorage { steelwork were fabricated and 
erected by the John A. _Roebling’s Sons s Company at a cost of $12 193 
Mr. C. Sunderland was Chief Engineer for the Contractor, and Mr. CG. | 
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“METEOROLOGICAL DATA 


PROGRESS REPORT OF SPECIAL 


To THE Boarp or Yor 


American Society or Civin NGINEERS, 


New York Crry, N.Y. — 
GentLemen.—Your Committee appointed in “April, 1981, to “give t 
as to how the United States Weather Bureau | could be made of greater service > 
7 A brief statement | as to the background for this study i is oe given, , includ- q 
ing the Committee’s recommendations for improving the scope and quality — 
the “technical ‘material emanating from the Bureau. Then follows the 


report proper, giving under appropriate section headings a résumé of the 


tory and work of the Committee, with a more extended “discussion of the 


factual findings on which its recommendations are based. 


The Committee sent out a questionnaire. to 204 members of the Society 
and others \ who were interested in the subject, and received 141 ‘replies. I a 
also ‘made a number of investigations itself. the replies to the 
tionnaire and the studies carried by the Committee, ‘thes ‘following: con- 


data, as collected and published by 


“ten of 1 many ‘types of public and private enterprises ‘iid improvements, in 


; _ which vast sums of money have | been, and» are. , being invested, ‘and such — : 


are Wi idely used by engineers engaged i in this Ww vork. 


ih 


(a) The location and distribution of stations. ag arr 

The manner in which the data are published. 

: of this dissatisfaction and the resulting criticism could be “elimi- 


nated and better service rendered by ‘the Bureau at little or no increase in oe 


—Research in ‘meteorology by the Bureau, particularly along the lines 
hi ch are used by the Engineering Profession, has not kept pace with the 


Nore.—Discussion on this report will be closed in April, 1933, Proceedings. 
be at the Annual January 18, 1933. 
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growing importance or of type of nor with research in 
other lines of science, either pure or applied. ne 7 ee 
ee. 4.—The historical background of the Bureau and its present practices indi- 
cate the that the activities of the Bureau in the collection and ‘dissemination of © 
this ty type of data have: 

a) Developed into more or less routine or mechanical procedure. 7 


(b) Been without consideration of specific needs or new conditions as 


Been largely for the purpose of short- time forecasting. 
7... .—Too much centralization of authority, responsibility, and initiative in 


“ the Office of the Chief of the | Weather Bureau exists at present to allow the 
de svelopment of proper initiative, morale, s and activities on the part of ‘the , per- a 


sonnel of the | 


aia —When compared with other governmental organizations of similar 


character, the personnel structure | of the Bureau exhibits: 
(a) ‘A decided lack of educational background among ‘its employees. 
(b) An excessive proportion of employees" in the lower grades, with a 
‘resulting low schedule of compensation. 
_ 1—Appropriations for the support of the general activities of the Bureau 


1 


8.—Salary ranges for various Civi the Bureau. 


“appear to be quite f fair, when compared with other public > technical and scien- 
tifie organizations, but the under- classification of employees in ee 


* apparent, and does not develop an organization which can attract to it, 


and maintain within it, the type of men which its importance justifies ; nor 


- does such under-classification develop a spirit or morale within the employee — 
ranks, which should exist in an organization of this type. 
: 9 — The distribution of ‘stations of the Bureau, both geographically or in | 


"4 4 respect | to o altitude, is not such as to give a proper presentation of climatol- 
—ogical characteristics of the entire country, there being an excessive i 


centration of stations in some localities and a like scarcity in others. Lert! 
ae 10. —A lack of inspection of | location and exposure of recording ‘instru- 
ae at co-operative stations has resulted in the collection and publication 
of records for ‘many localities that are either ‘erroneous in _ themselves, or 
not ‘indicative of true climatic characteristics of the locality which they 


 11.—The ‘particularly y at re ular stations, of placing recording 
“instruments for precipitation, wind, ‘and ‘temperature on roofs of buildings, 


‘gives records. and results which are not indicative of actual climatic con- 


gis 12.—The practice of changing, from time to time, _ the elevation above — 


ground and the location of recording instruments, makes continuous ‘records 
of Stations» where ‘such changes have been made, unreliable as indices of 


_ climatic phenomena and their variation. When | such records are published 
nges, are actually 


OTRAS 
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“misleading. 
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eae in nthe replies to the questionnaire. In order to develop greater st 


on the part « of the W eather Bureau to the Engineering Profession at the 
present time, the following recommendations are made: 


—That a -operative program be. developed with other Federal | depart- 
“ments, and with State, county, and city agencies, railroad companies, and 


- other publie utilities, which p program will allow an extension of stations into 
"areas not now served, an increase in the present 0 number of stations whee 


A ‘needed, 2 and other ne ‘necessary activities, | at nominal cost to the Bureau. > 
iad -2.—That a publication be issued in bulletin form giving information per an 


tain ng t to exposure, changes in elevation and location of recording instru- 
- ments, and relative reliability of records of precipitation, wind, and tempera- 


_ ture for all stations for which records are now, or have been heretofore, a 


—That operative stations be inspected, whereby improper exposure 
of instruments “may be corrected and incorrect location of stations may be 
y remedied, so that observations at ‘such § stations will be indicative of climatic 


— 4(a) —tThat when the siiiedis or location of a station is s changed in the 


simultaneous observations be taken at the original and subsequent 


stations for a sufficient time to allow the determination of a relationship 
- between the results at the two stations, such relationship t to be published in 


—That stations be located ground level practical, and 


"where ‘not practical, that parallel obser vations be -earried on near- 
.: —That a program of research be initiated by the Bureau which will 
allow ‘the development of a correcting f factor or relationship that can be 


applied to records obtained from instruments exposed above level, 


“exact nature, it nevertheless “nll be valuable i in ‘the 
and analyses of records obtained at elevated stations. 


= 7.—That the Bureau be re- -organized 80 as to allow for a grouping of the 


also” to allow more authority, 1 responsibility, and initiative to be rer" 


 - 8—That a policy of promotion be adopted : within the Bureau which, in the 


into the of the Bureau pro- 


“men 1 do not exist in ‘the lower of the posi- 


tions to be filled | by men outside the ] present service. 
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education and training of "character necessary to develop the 


9. That upon the ‘retirement of the present Chief of the Weather ee | 
and the | appointment of a successor, the President be urged, in the selection 
“of such successor, to give the most favorable consideration to the man > who 


; measures up to the following qualifications : eeu hie 


bl Pit “First, the Chief of the Ve ather Bureau should be a man with 
“experience in administration of organizations of 


“Second, a broad fundamental scientific training should be a requi- 
site, and the experience of the Chief should have been along the lines 


yaks shea “Third, specialized training or experience in the field of meteor- 


a ology is eee but is not so essential as to be the determining 


ne ‘Fourth, the. Chief ‘should combine the rare qualities of mature 
‘pga and progressiveness_ with an appreciation of the potential 
re on ile of service by the Weather Bureau to agriculture, com- 


and bs “Lastly, the Chief must be a ‘courageous and, at the same time, 
diplomatic leader, who release abilities now bound archaic 

The Committee feels that its activities should the 


‘follow: ing suggestions as to a future program: te 


A further study of ‘the many excellent. by means" 


Be —The ‘development, under the sponsorship and general guidance of the 
Committee, of a program of research work in engineering and — 
schools.** 


a Ino order t to > obtain a proper perspective of the senile of the United States 


ee. ‘Bureau, the following brief historical sketch on the development 


of weather observations and of the Bureau is presented. 
Reeords of meteorological observations: made by the Ancient Greeks, 
Romans, Hindus prior to. the Christian Era still exist? Aristotle's 


nad treatise on winds” written during the Fourth Century, B. formed the 


- basis of every standard textbook on meteorology and climatology which was 


{ yy fe 
‘published until the commencement of the Sixteenth Century. 


organized to systematize and corr weather observe 


the co-operation of | in Ttaly and ‘adjacent 
and distributed meteorological instruments and forms. Records were kept 


2“Our Weather,” by Charles Fitzhugh Talman, N. x. Reynolds satan Co., p 67. 


1a Civil Engineering, September, 1932, p. 595. 
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by this group until 1667, althougl h few have been preserved. The : next — 
Bete ty step in systematic records was started by the Meteor- 
ological ul Society « of the ‘Palatinate, founded in Mannheim, Germany, in 1780. is 
‘Thirty-s seven "stations were established throughout Europe and two in in 


United States, and observations upon meteorological 


| were made. | The French Revolution i in 1792 disrupted this effort. In 1820 


» 3 W. Brandis, a German physicist, initiated the first attempt at compiling 


i synchronous records of daily weather phenomena, observations made by the 


Palatinate year 1783 being compiled. ate 


What is believed to be the first reg rular weather record maintained in the 
United States* was that kept by the Rev. John Campanius at Swedes Fort, 


near ‘Wilmington, Del., during 1644-45, Meteorological records near Boston, 
Mass. during 1729-30 were kept by the Hon. Paul Dudley, Chief _Tustice 
of Massachusetts. te Thermometer records at Charleston, 8. C. , were com- 


_ menced by ‘Dr. John Lining in 1730, and a more extensive series, of observa- 


tions were ‘maintained by him ‘from 1738 to 1750. Records | at Cambridge, 
Mass., were maintained by Professor John Winthrop, of 
1742 to 1748, * Thomas Jefferson and Tames Madison maintained a series of 


contemporaneous records at Monticello. and Williamsburg, Va. , respectively, 


Josiah ‘Meigs, Commissioner of the United States General Land Office, 
- established tri-daily observations at all Land Offices in 1817, this being the 
first: attempt on the part of the Federal Government to systematic 
observations on. climatological phenomena. In the following year, the 


eee 


Surgeon- General of the Army issued an order requiring all surgeons in 


io Army hospitals to keep observations on the weather. © In 1825, the State of 


he New York, and, in 1837, , the State of Pennsylvania, initiated State-wide 


fic ‘collection of weather data. In 1841, the | United States Patent Office com- 


bal menced the collection of such data upon a broader scope, and, in 1847, the 
‘The first published weather forecast based upon simultaneous telegraphic 


observations was inaugurated in 1849 by | Professor Henry, of the Smith- 


sonian Institution, these forecasts were continued until 


® for the present Weather Bureau were originated in anal 


tory, at Cincinnati, Ohio, ¢ ‘during the period, 1868-70, 1869 the 
made to the Secretary of War by Col. H. Myer, ‘then head of the 

‘United States Signal Service, ‘Gat a scheme of weather reports and ‘storm 
signals be instituted. About th that time Professor A. Lapham, a scientist 
Milwaukee, Wis. one. Profesor Abbé? co-operating observers, 
a petition to Congress asking for the establishment: of a National 
Weather Service. Representative Paine, of Wisconsin, introduced a 

bill providing — for such service as a part ¢ of the Military Signal Service, 


a: ok Climates of the United States,” by Robert DeCourcey Ward, Bost., Ginn & — 
Weather Bureau,” Service Monographs of the U. . Government, No. 9, Inst. 
of Governmental Research, N. Y., D. Appleton & Co., 1922, p. orc 
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METEOROLOGICAL DATA 
which: bill was approved February 9, 1870. | (16 Stat. L., 369.) The bill 
‘For the taking of meteorological observations military stations in 
interior of the continent and at other points in states and territories 
oof the United States, and for giving notice on the northern lakes and at the 


coast, by magnetic, and marine signals, of approach and 


‘This wording would ‘indicate that the original purpose in the establish- 


the Weather Bureau was that of forecasting weather conditions for 


While the Signal Service carried on this work, general administration 


and observations were placed in the hands of officers and enlisted men of the 
Service, but the higher technical work was directed and performed, i in a 


q 


large measure, by civilians. oa Soon after the creation of the W eather Service 
within the | Service, its benefits became widely ‘appreciated by « 
and agricultural interests. in interior districts, and, 1890, Congress. 


passed an Act (26 ‘Stat. L., 653) transferring the Weather Service of the 


Signal Corps to the Department of Agriculture, ‘effective July 1, 1891. 


The observation | stations of the ‘Signal Service 1 were located throughout 


s United States, in ‘principal cities, at important lake and seaports, and 


at military ‘posts, such locations being selected chiefly on account of their 


general advantage for forecasts and storm- -warning purposes rather than for 
climatological reasons.” Observations were made of actual maximum and 
minimum ‘temperatures, air humidity, barometric. ‘Pressure, rainfall, direc: 
tion and velocity of. wind, kinds of elo uds and direction of their ‘movement, 


the state of the weather, 


The first observations made by the Signal Serv ice commenced } November 
= 1870. Intil the end of 1884 two ‘sets were taken, one for telegraphic 
“purposes, consisting of simultaneous | observations at all, stations, aad the 


“other consisting of observations for general climatological purposes. After: 
1884, speci ial observations for climatological purposes were discontinued 


“because the general introduction of self- registering instruments for 


recording | climatic and other scientific data. ‘Until 1881, ‘official weather 
forecasts were made only at the Central Office in “Washington. By 1890, 


officers” were assigned to St. Paul, Minn, Francisco, —Calif., t 
for their respective vicinities, and, at present, there are five 


principal forecast districts, while nearly every local official is authorized to 


~The vessel weather service of the Northeast Pacific Ocean’ was inaugu- 


rated in 192 1, and has ‘been developed to a point where an average of fifty” 
‘Teports are received daily from ships off the Pacific Coast of North America. 


This resulted in marked in forecasts Pacific. Coast 


_8*The Weather Bureau,” Service Monographs of the U. S. Government, No. 9, Inst. 
of Research, N. Y., D. Appleton & Co., 1922, p. 
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system of weather observations reports throughout the 


cotton was initiated, as were special warnings for the benefit of 
the sugar interests. In 1888, the cold wave flag and many other signal 
devices were e introduced, and, ‘in 1902, of observa- 


From time to time serological observations by 
kites were carried on by the Bureau, and special 


in allied fields have ina scattered way. The official 


cation of the Weather Bureau, The Monthly Weather Review, was com- 
~menced on January 1, 1873, and has continued until the present time. po 
A more detailed description of the present activities — and organization a 


of the Bureau is given under Section V. Ae 


—Cavses or ForMATION OF THE 


As field of engineering and more data, both as to 
‘quantity.. and kind, relating ° to natural phenomena become necessary for the 
economical design, construction, and operation of engineering enterprises. 
Greater refinements arise from new theories and practices developed, lower 
factors of safety are used, which, in turn, call for greater accuracy in making P 
‘engineering estimates and studies. the field of civil engineering during 
the | past few decades an increasing ‘use has been 1 made of meteorological data 


of various types, and now such data are essential for the planning, 
7 struction, and operation of many types of private and public enterprises and : 


‘improvements. The data mainly used in n these are of four classes :* Precipi-_ 
tation; temperatures; wind movements ; and evaporation, 
Precipitation. —Records. of the amount variation of precipitation 
ov er periods of months and years become in the making water 


if 
‘supply estimates for new hydraulic: projects and for the enlargement of 


existing ones. Stream-flow records ‘upon which water supplies are based 
are, in “most cases, of insufficient length to determine the yield of water- 
sheds” over succeeding wet and dry -eycles, and reliance must be had 
precipitation x records, which are usually of longer duration, for the extension 


existing stream- flow records. Studies of ground- water supplies require 
a knowledge precipitation -oceurring in each individual | storm for the _ 
> the depth and water content of snow are ‘becoming exceedingly valuable in 
forecasting the water supply of the succeeding season. In the field of land 
drainage, ‘information concerning intensity and "quantity of 
during storms is necessary in the desig n of drainage works. In flood- -con- 


projects, either extensive water- sheds or in with localized 
-storm- drain projects, rates of precipitation | during periods ranging from 


=45 min. to several days i in extent become n necessary in the operation and design 


Temperature. —Next_ in importance to precipitation, from the stand- 


point of engineer, _Information concerning this 
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is necessary in financing irrigation — in — to determine the 
oe length of the growing | season, the character and variety of crops which can 
be grown successfully, and the number o of crops: which can be raised each 

1 

in regions where temperatures | “Highway sub- -grades 3 ‘must 
be protected. from frost by means of adequate drainage. Artificial heating > 
jin buildings and temperature control in 1 steam power plants. depend u upon a 
4 knowledge of air temperatures. Large construction operations are 


influenced by this phenomena, a as are transportation Tempera- 


surfaces, and be the sole dependence in in pit ong 


studies where actual. evaporation da data do not ‘exist. Lay. 
= Wind Movements.—Next to temperature in importance comes wind. 

The direction, velocity, and pressure of wind are important elements in the 
design and layout of high buildings, and oftimes in their location, partic- 
q ularly when odors, smoke, dust, or fumes exist. Wind velocity is an im- 
factor in determining short- time variations “rates 


Evaporation.— —This factor is of importance connection with 


water: supplies in n sections of the country where long periods occur 
_ without precipitation, and large losses result from open- -water surfaces. In 


“reservoirs ‘and storage projects where hold- -over storage lasting several 3 years 


wie. 
must be “provided, exact. knowledge evaporation conditions becomes 


essential. 
al In _— to these four classes of meteorological data used extensively 
by engineers, other as” “relative humidity, barometric pressure, 
hours of sunlight, occurrence of killing fr frost, current: weather -fore- 


les 
“easts, are auite extensively y in "engineering practice. 


Intensive of meteorological data in planning the ‘construction and 

operation « of private and public enterprises and improvements involving the 
expenditure of "hundreds of millions of dollars has given rise to a re 


among those engineers _who use such data that they could be collected and 


disseminated i in a manner which would make them far more valuable to 
their users. Likewise, a gro growing “feeling has developed among engineers 


that ‘Tesearch: in meteorology has” not kept pace with experimentation in 


other fields of science which are “utilized by the profession. 
Attention has been called irom. time to time to specific instances where 


ae or. were | collected in such a manner as to make 
their v misleading or the results obtained use” unreliable. 
References to articles touching. on such subjects will be found in Section V. 
As result of considerable correspondence, the Administrative Board of 
_ American Engineering Cc Council, at t its meeting held May 12 and 13 , 1930, 
authorized the appointment of a committee of three. to “ ‘confer with ail 
of the Weather Bureau determine the direction in which the Bureau 


might make its work more useful to. engineers.” | 
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toate Following a rather insistent demand, particularly on the part of Western 


members of the Society, the same e subject’ was presented — to the Irrigation 

Division of the Society in the ‘spring of 1930, and as an outgrowth of this, 

the present Special Committee on Meteorological Data was: appointed by the 
of Direction at ‘its meeting in April, 1931, “to give thought 
how Mes U. S. WwW eather Bureau could be made of greater. service to engi- 
_heers.” The Committee of American Engineering Council was discontinued 


in the spring of 1931, in line with ‘the policy of Council not to do anything © _ 
which a member organizations are prepared and desire “hoo 


he Committee, with members i in Los “Angeles, and San Francisco, 

~Calif., and in W ashington, D. C., has carried on the bulk of. its work by | 
correspondence, the Los Angeles ‘members being in close personal 

each other. meetings of the four ‘California. members were 


in Los Angeles. In the fall of 1931, a questionnaire was sent out to: a list 


“of 204 engineers: throughout the country, _ three- fourths these names 
being furnished by Presidents of Local Sections, the others being men who 


the an “exce cross- a the as 
geographic location, types of employment, specialized branches. 


Responses were receiv ved from consulting ¢ engineers, college professors, 
research workers, engineers engaged i in power, , irrigation, drainage, and 

 flood- control projects, highway work, railroading, and municipal, county, 
‘State, and Federal work. . Considerable material on the organization and 


functioning the W eather Bureau the Committee by ' 


Data Telative to the distribution of eather Bureau stations 


tion 
mittee. consisting Kenneth Shaffer, Chairman, John “Markley Server, 


‘Jr. , and Arthur G. Pickett, Tuniors, Am. Soc. C. E. 3 and. a search, made in 
e library of the University of California, upon experiments earriec 
and published in British Rainfall fifty to sixty years: ago was made by L L. M. 
Snyder, Jun. Am. Soc. C. E. Various studies were made by ‘members 
the Committeo individually ‘od collectively, and the results of these are 


From t the 204 questionnaires mailed to members and others interested in 


work, many excellent suggestions were received. Although expressing 
much criticism of ‘the work of the Bureau, they likewise contained 


-siderabl e favorable comment on certain portions such the 


questionnaire the question was asked as to whether the recipient would’ Seale 


- upon an advisory committee of one hundred to assist the main ‘Committee 
in its work. 
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3 sent out and 


agreeing to serve upon an 


Total number of replies received... comes 


atid ‘Tr he > replies showed an extensive use. of the work and publications of 


the W eather Bureau by “engineers, | practically every type of data collected 
published by the Bureau being utilized In some cases one question- 7 
naire would indicate the 1 use of five or six types of data, and in other cases 
only « one. An actual use more extensive than | shown is probably 
made, as many replies were general in asture, stating that, “all data pub- 


- lished” or “m “many of the data” ’ were used. The following tabulation was taken 


Precipitation, used in connection with water supply 


ba gy’ Intensity of precipitation, in connection with flood- -con- 
fine ‘Temperature, in connection with flood- control, irriga- a 
_ tion, agriculture, heating and ventilating problems, 
(4) ‘River gauge heights, in connection with flood control, 
erin Dh Snow conditions and water content of snow, in connec- reyes 


tion with water supply and flood control. 


i 


(6) Evaporation, in connection with water supply and irri- 
(7) Weather forecasts and storm warnings, in connection 
flood control, construction projects, O66. 15 
(8) Wind velocities and wind pressure, in connection with 


(9) Flood warnings in connection with flood control... .. 10 
(10) Frost, in connection with construction operations, agri- 


eultural and irrigation work , highway design, ete... 

Barometer, in connection with various phases of engi- 

= (12) Other classes mentioned, as used by from one to three or ce 
at 


four of those replying, included the use of all records 


teaching, humidity, occurrence of lightning and 


bor thunder- “storms, sea-water temperatures, and solar 


ta 

— 

: 

OF ing to serve upon said committee. .. - 23 

‘Total from whom information and/or criticism was received.... 

J replying, but furnishing little or no specific informa- —s_| 

— 

in 

— 

— 

a 

= 
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. — suggestions received to the questionnaires, and is at present engaged in a a 
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Appropriations—Graphically Fig. 1 shows the annual appropriation ‘made 
for the support of the Weather Bureau for the fiscal years: 1892 to 1931, 
naling It will be noted ‘that a quite uniform increase in : ‘appropriation 


1921, the amount con- 


Outside of | 


ges 


nm 
Expended 


in Millio 


——— for Fiscal Years i 
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siderably. 2 This increase appears to. be caused by the development of acro- 
logical work, which | absorbs one- 

also by salary “increases ‘resulting from a general survey of 

bureaus made by the Civil Service Commission about 1924. 

_ between salaries’ and mame expense in the Bureau has been fairly oonatne 


Organization.—The ‘Act of of Congress which the Weather Bureau 


a describes the duties ‘of the Chief of the Bureau as follows: == 


_ «The Chief of the Weather Bureau, under the direction of the Secretary 
- at Agriculture, shall have charge of forecasting the weather; the issue of storm 
warnings; the display of weather and flood signals for the benefit of agri- 
(ee and navigation; the gauging and reporting of rivers; 
_ the maintenance and operation of sea coast telegraph lines, and the collection 
and transmission of marine intelligence for the benefit of commerce ‘and — 
navigation ; the reporting of temperature and rainfall conditions for cotton 
interests; the display of frost, cold wave, and other signals; the distribution 
of meteorological information in the interest of agriculture and commerce, — 
and the taking of such meteorological observations as may be necessary to 
establish and record the climatic conditions of the United States, or are 
Pi essential for a proper execution of the foregoing duties.” 
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The ‘present activities of the We ather Bureau’ cover the following 


We eather rep. reports s and forecasting. «2 


ork in marine meteorology. __ 


Reporting effects of highways. 

Reporting a and forecasting river ‘stages, 

Studies in solar radiation. 
‘Studies in seismology. 

Studies in voleanology. 

Maintaining and operating telegraphic lines. 
Equipping and testing instruments. 
oh Cyclones and anti-cyclones of the United States. Ki. 


_ Treatise on weather forecasting. 
Amount of snowfall, 


@ 


The Bureau maintains” a total of 2358 paid stations, and approximately 


a 


4500 500 co- operative stations | in the United States, as follows: 


206 


- Special stations (climatological, cotton, cattle, sugar, rice, snow- aa 
fall, river, airway, ete.).. 


4 

‘The five forecast districts have headquarters Washington, 
Chicago, New ‘Orleans, La., Denver Colo., San Francisco, Calif. 
Each State i is arbitrarily made a climate unit for convenience in adminis- 
Pins tor the collection and publication of climatological data, except that 


a unit. are re forty- ive or One prin- = 
cipal station in each unit _ supervises the work of. the district _ “under the 
direction of a climatologist who has the title of Section Director. ‘Great 
~ agricultural sections of the country are grouped according to the staple 4 
products therein, ‘such as the cotton region, corn and wheat region, sugar 
and rice region, tobacco” region, ete. Stations ns reporting river and flood 
information are grouped into districts chiefly rivers and their immedi- 


although on n large rivers “the work is divided at among several districts. 


“The Weather Bureau,” Service Monographs of the U. Government, No. 9, Inst. of 
Governmental Research, N. Y., D. Appleton & Co., 1922, p. 46. 
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nod 


nization — chart of the Bure 


ructure rests | on 


cau, Fig. 2, it is apparent » 


. too broad a base, and undoubtedly a more 


efficient functioning could be obtained by grouping together as_ ‘bureaus 


some of the ; present divisions which | perform similar duties, leaving from 


three to five main ‘divisions 


No detailed 


—— 


study has been made of this 


7 subject, as this would require a aa more intimate knowledge of the -fune- 
tioning of the ‘Bureau than has b been obtained by the Committee t date. te. 


CHIEF 


ASST. CHIEF 
CHIEF 


FIELD 
District Forecast Centers = 


Climatological Section 
General Weather Service 


Central Airport Stations 
General Airport Stations os 
Substations with paid Employees — 
Substations 


Gale >, pert 


4809 


— 


2.— ORGANIZATION OF THE UNITED STATES WEATHER BUREAU 


| is divided inte two “groups, namely, the Profes- 
sional Service and the Sub-Professional Service. The classification — as to 
grades within each group is that followed throughout t practically all the 


‘governmental departments employing help ‘of this character. 


The Profes- 


sional Service has eight grades, ranging in annual salaries from $2 000 
$9 000, and includes the technical employees of the Bureau. The Sub-Pro 


"Entrance requirements of various grades 


vr... of the U. S. Civil Service ‘Commission are 


_ fessional Service, with a maximum annual salary of $32 200, is made up- 
‘skilled 1 mechanics and assistants of lesser education and 


as set out in the publi a- 
fairly high. © For example, 


the entrance qualifications for the grade of Junior ‘Meteorologist, the lowest 
4 grade in the Professional Service, with a salary range pon $2 000 to to $2 600 


a university or 


‘college of standing, with major work in preferably 


‘including meteorology; knowledge of meteorology, 


astronomy, French 


i German, and 1 mathematics, including geometry, | trigonometry, and | analytics ; 


proficiency and ability in “making ‘rapid 


accurate ‘me eorological, 


4 
— 
— 
Agricultural | [Meteorolog- Office of River and Solar 
Aerological 
ral Forecast | [Forecasting Marine licat Physics| | | the Editor | || Flood | | Radiation 
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and solar radiation compilations 
for special study purposes ; and accuracy, alertness, and adaptability. AG For 
the next higher grade, Assistant Meteorologist, with salary Tange from 
$2 600 to $3 200 per annum, the qualifications, in addition to 1 those required 


for a J unior Meteorologist, are either ‘two years’ “post- eratuate study, or two 
years’ successful | experience in Ww rork of the grade and character required of a 
Junior Meteorologist. ‘Those for Associate Meteorologist, with a salary range 
. from $3 200 to $3 800 ‘per annum, require, in addition to graduation, three 
years study i in meteorology, which study must have fulfilled the require- 
~ ments for the degree of Doctor of Philosophy or Doctor of Science, or three 
‘years professional experience of a responsible character in meteorology. 
_ Entrance requirements for the Sub- Professional Service are not $0 ‘high. 
Requirements for Assistant. Observer, which is the fourth § grade in this 
Service, with a salary range from $1.620 to $1 980 per annum, call for train- 
ing equivalent to ) graduation from high school, 1 with courses in “meteorology, 
physics, and algebra, a1 and’ at least t years’ practi¢al experience in mete- 
orology. The entrance. qualifications in Grade V , with the title of Aide or 
Oheerver and a salary range from $1800 to $2 160, for training equiv 
lent to graduation: from high school, with courses in meteorology, P physics, 
and algebra, ‘addition al training equivalent to ‘completion of ‘one y year of 
college w work in meteorology, ‘physics, and mathematics, — and at least two. 


years practical experience in. meteorology ete. 


Bureau of | 


ox 


3.—DEcREES HELD IN PROFESSIONAL SERVICE—CoMPARISON OF 
BUREAUS IN U. S. OF AGRICULTURE ' 


An analysis of the technical personnel ‘of the | Weather Bureau in ‘te 
Professional and Professional Services is given herewith in Table 


| Comparative s studies of the personnel in the various grades of Professional a 


in the ‘Weather Bureau and two other governmental bureaus within a 


3 wish out. some of ‘the vweakmesses of ‘the 
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Percentage Employees in Each Grade 


Percentage Employees Within or Under given Grade 
 g 


ia 


+ 


3 Civit: Service Grades «Civil ‘Service Grades 
Fic. 4. —PERCENTAGE DISTRIBUTION OF EMPLOYEES IN PROFESSIONAL SERVICE—COMP ARISON 
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SERVICE—COMPARISON OF THREE BUREAUS OF THE U. S. DEPART-| 


The of employees a mong the various grades in 
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re. 


pre” andy 


in the Weather Bureau. The apparently low percentage of employees 
— 
is strikir nds 
14 
— 
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‘These graphs dee. emphasize the lack employees. in the higher and 


governmental bureaus. In Figs. 3, 4, and 5 the data, « except as to salary — 
range and (Civil Service grading, were taken from Miscellaneous Publica- 


. tions No. 123, “List of Technical Workers in the Department of Agriculture 


ie = 


and Outline of Functions, July 1, 1931”; and those as to salary 
range a and Civil ‘Servi ice grading, from the Report of the Director of the 


Salary ranges attaching to the various Civil Service grades within oth wt 
the Professional and ‘Sub- Professional Services appear to compare 
TABLE _2.—DIstRIBUTION OF PRECIPITATION Srations OF THE WEATHE 


Burrav IN THE Srares B ‘BY Sr 
of Stations from R 


“Inco. ‘| Stations Popula- 
porated | Area,in | Num- | ® 
cities of square ber of 
more than stations 


Arkansas 
California 


to 


2. 
2. 
5. 
4. 
1. 
0. 
2. 
6. 
2. 
4. 
2. 
4. 
ve 
3. 
2. 
3. 
1. 
3. 
3. 
3. 
2. 
3. 
0 


8 
1 
0 
8 
7 
9 
5 
3 
2 
7 
3 
7 
9 
9 
3 
9 
0 
1 
4 
2 
3 
2 
8 
4 
7 
8 
8 
1 
8 
9 
3 
7 
1 
2 
9 
5 
6 
9 
3 
8 
3 
6 
4 
.0 


New 
New Jersey 
New Mexico 
New York 
North Carolina.. 
Dakota 


regon 
Pennsylvania 
Rhode Island 


Virginia 
Washington 
West Virginia 


Total 


= = 
q 
, 1920-30) 
‘State — 
74| 703| 2 646 248 = 
| 158 | 149| 81 | 1 880 999 22.900 
Massachusetts............ 160 | 454 | «876 | 4 842 325 
= Michi 104 980 | 2 563 953 
Michigan............ | “$4 | 1007 | 2 563 953 23 
= | 146 997 148 | | 522| 1 377 963 || 
Nebraska. 25 | 77 52 50 | 2210] 91 058 
110 690) “346 | 465 293 88 — 
13 | 122 634 | 256.0 ## 
4 COS 421 | 12 588 066 = 
175 49 204 ae 117 4 6 60.4 a= 
| | | 2 $06 040 = 
Oklahoma. .... 96 694 #44 390 9 631 350 213.5 
South Dakota............. | 532 | 2 616 556 — 
16] 84 990 9 611 37.6 
Vermont 42 55 775 | 2 421 851 26 
i 69127) 197] 1-729 205 71.5 
| 24 170 609 | 2 939 006 
| eas lass 775 008 | 8 40.60 
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METEOROLOGICAL DATA 


_ with ‘salary ranges in other public ¢ technical organizations, and the propor- 
tion of employees in the respective grades in the Bureau of Public Roads 
ps the Bureau of Agricultural Engineering appear quite reasonable. ‘The 
personnel structure of the We eather Bureau, however » does not appear ‘to b be 

5 ~ such : as 1s to attract into that serv ice the type of men which its importance 
justifies, or to develop the spirit ‘and morale which should exist within the 


ranks of an of this type. 


er rere 
Distribution of. Stations. _—Much criticism was. found in replies to 


questionnaire concerning the lack of uniformity both geographically 

ith respect to “elevation above sea lev el, which exists concerning the 
tribution of principal | and “co-operative Weather Bureau stations. A study 
of made of this and shown in Table 2 2 and Fig. 6 6, , indicates a high density of 
stations in some regions a a low density in others. 


A similar analysis w with respect to elevation of ‘stations | in various States 
is, given in ‘Table 3. relatively few Stations located in higher 


altitudes, wherein mos of the water supplies of ‘the country, is 


‘VI- —Exposu RE OF Instru MENTS Exevar Vv ATED Locatioys, AND 


_ The most persistent criticism ag ainst current practices of the W Neather 


Bureau which came to the ‘of the e Committee was directed against 
the: practice of making instrumental observations at ‘points 


above the level of the surrounding locality, usually on the top of office 
buildings; also the practice of making frequent changes in the elevation or a 
or INsTRUMENTS Surrace or GROUND aT 
Privorp. AL U. S. Weatner Bureau ‘Srarions 
— (Data from Report of Chief of Weather Bureau, 1929-30, p ia: 


number of 
instruments 


ground — in feet 
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instruments instruments ‘ 
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cation of these instruments without noting changes any of the 


pepe Bureau publications, except in in the i Report of the Chief 


ss In Table 4 is indicated the elevation above the ground surface of rain 
gauges, thermometers, and _anemometers at the ‘principal WwW eather Bureau 


“stations, a and from this it can be seen that many of them are located at 


elevation s which cannot give c correct ground conditions. — Likewise, when 
recording instruments are changed elevation, the records collected 


10t serve as continuous index. to meteorological ‘conditions in the 
eality ; and when these records are published without notations 


lo 
ich changes, very erroneous impression is_ created. In ' T Pable 5 is shown 

changes in elevation of rain gauges, _ thermometers, and anemometers at the 


_ principal stations of the Bureau during the nine years from 1922 to 1929, 


inclusive. only place where such changes have been noted has been in 


Because of the personal “experiences of. of. ‘the ‘Committee, as 


as the many many eriticisms. expressed in the questionnaires concerning the effect 
of changes in elevation and location upon resulting records, the Committee 
has made a more or less intensive investigation of this subject. 
_ Precipitation —The fact that : a rain gauge exposed at an elevation. above | 
the ground surface receives a catch of rain less ‘than one exposed on the 
ground was determined by experiments carried o n by Dr. -Heberden about 


1766." ‘Tain gauges were one in garden at V WwW est- 


a 


tower at Westininster Abbey. The results for the year 1766 were as follows: 


House top ( (height about 30 ft. see 


Abbey Tower ‘(height about 151. 
During the years” 1832 to 1835 Messrs. Phillips on 


‘similar experiments ork, England, with _similar results. a 


of amount of rain obtained at an gauge ‘varied as 
square root of the height above the ground. 


Considetatie experimentation took in England on the subject from 


British ‘Reiajoll during that period. The experimenters reached the same 
_ conclusions as those arrived at by Messrs. ‘Phillips and Gray, although other 
factors, such as position of the g gauge upon the elevated structure, intensity 
: «of precipitation, direction and velocity | of wind, etc., appeared to enter into 
the relation. Ina pamphlet recently published by the India Meteorological 


it” the results of these experiments well as” of other observa- 


“On the Rainfall Observations Made at York Minster,” by John 
Symons, British Rainfall, 1871, p. 44.00 


- 42“Historical Note on Catch of Rain Gauges,” by H. R. Puri, 
No. 23, India ia Meteorological Dept., 1931, p. 44. aos elas 
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"TABLE 5 5.—CHANGES In oF Recorpinc INsTRUMENTS AT 


Srares WEATHER Bureau Stations, 1929, 


THERMOMETER Rain Gauce  ANEMOMETER 

ABOVE Grow: IND, ABOVE GROUND, GROUND, 


did 
Station 


| 


Green Bey. 
Louisville. 


Ba 
—|Corpus Christi. . 
“194 +102 
Houston. 
_|Meridian. 
|Roseburg 


Chattanooga. . 


Roseburg 
_|Sandusky 
Albany.......: 
Columbia, Mo. 
Independence. . 
-|Lansing.... 
_|Little Rock. 
Miles City 
Philadelphia. 
|Springfield, ili 
-|Springfield, Mo. 


fa 


Boston 
Brownsville 


Miami. 
Phoenix. 


Changes in Elevation: 


Extent of Change: . 
- 0 to 50 ft. 


100 ft.. 
100 to 150 ft 


in elevation o 


a 
4 
> 
a 
— 
Tacoma.... May 16 165) +61) 120) 201) +81 
1] 110 145] +43; 133} 175) +42 
113) 215 +1022 
175) 116) —59 
121} 314 
Nov. 1|  10| +144] 4144, 911191 +100 
: Oct. 1) 97] —32| 57| —8| 113) 79] 
7} 115] 106) —9| 154 96] ies} 
| 91] 83] +30] 45] 61} 100] +39 
27] 190) 267) +77 264! +99} 201) 337) +136 
_ — 
| — 


tions throughout the world, been nr" Table 6 6 is jis taken from this 


pamphlet and the results are shown graphically in Fig. t, which indicates | 
that the deficiency — the parabolic law. In 1888, Abbé,” discussing 


Yos 
TABLE 6. AND RELATIVE CATCH OF Ran 


Situation size of gauge of | | gelative 
St. Petersburg: Central Physical 13 68 
St. Petersburg: Central Physical 25 | 59 
Paris: Astronomical Observatory. 40 81 
London: Westminster Abbey. 
Chester: Leadwords............ | @ 61 
‘e various investigations which had been made all this subject, proposed a 
formula, as as follows: J 


‘in which, D = catch, percentage of total eatch; 
we ae = altitude of gauge, in ‘meters; and K =a constant, given by Abbé as 0.06, 
but stated to vary with the geographical location of t the gauge and with ale - 


__ Fanning” makes 3 reference to differences observed in catch at Greenwich 
Observatory. 50-y -year record of precipitation from 1865 to 1914, inclusive, 


ocation of gauge ation 


WE 
already | a well- established Sect ‘that the higher we 1 rise above the ground ‘the 


14 “Practical Treatise on Hydraulics and Water Supply,” by John T. Panning, M. -—, 


Bulletin 7, Appendix 1, Forestry Dept., U. S. Dept. of Agriculture. 


(Elevation of Gauge Above Ground in Meters 
2 


aC 
| P 
— 
> 
— 
0 
1 
Fr 
= 
— 
1 ‘ va 
— 
a 
a ai 
— = 
di 
— fo 
mi 
i=. = 
re 


— 


& 


a 


ll 


Considerable discussion took place the Transactions of the Society 


fanuary, 1 933 


resorted to.” In this 
paper corrections were applied to records obtained at an elevation above the 


ground ‘surface to make them comparable with ground- level records. ea fiat 


in 1908" pertaining to the San Francisco precipitation record as | published 


70 
wy 
wa 
640 
$40 
20 


Relative Catch of in Ratio of Observed Wind to Wind at Ground 


Fig. 7. ‘7.—RELATION CatcH OF RAIN Gavexs 8.—WIND VELOCITY REDUCTION 
ELEVATION ABOVE GROUND LEVEL. GROUND LEVEL 18 APPROACHED. 


by the Weather Bureau. ‘The published Weather Bureau record commences 


in 1849-50, and the recording instruments have been exposed at varying ele- : 
vations above the > ground. In the earlier years, as stated in one of the dis- 


cussions of Mr. ‘Grendhs's paper, the published record is a composite of a 


number of records kept a at various” sections of the city; no information 
given, however, as to the location of these various records. The published 
apron Bureau record is compared in the discussion with a record Kept 
from 1865-66 to 1900-01 by a Mr. John Pettee, “at a single gauge, near the ; 
under unchanging conditions” (page 527), although this point is 


disputed in another discussion (page 537). The results as published, how- es 
ever, show that the mean of the Pettee record for the period 1865-66 to 1891-92 | RS, 


was 97. 2% of the mean of the Weather Bureau record for that period; while - 
for the period, 1892-93 to 1900-01, the mean of the Pettee record was 134.4% eae ae 


of the published d Weather Bureau record. — During the latter period the a 


Weather Bureau ¢ gauge was located on top of the Mills Building. The, ~~ Ne. ti 

mittee is | investigating this matter further, 


Am, C. E., Transactions, Am. Soc. 496. 
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In “Elementary Meteorology” William M Moran Davis states, 


of rain and snow gauges on buildings in ‘ities are, as a 
_ Tule, defective, because of the eddies of wind by which too much or too 
little rain is carried into the gauge. Such measures may serve to indicate 
ee: G 7 generally whether the fall is light or heavy, as is required in weather reports, 


— but they should not be accepted for the climatic tables for the district.” | « 
Willis Milham, states," Tain gauge should n not be exposed on on a 


‘tok as it is impossible to know what effect the e eddies ci caused by buildings 


will have on the amount collected. 


™ 


Lary 


mye 
ice "Referring to the Abbé formula, Willis ‘Moore states” 
“As to the height of the. gauge ground, there is a very ‘diminu- 


a og pra of the catch. * * * In perfect « calms this error does not exist, and 
ins strong winds. with light rains it is much larger than the above rule.” 


are inaccurate, but doubts s whether satisfactory ¢ corrections could be made. | i 


"Professor Alfred J. Henry” recognizes that rain- gauge roof- top records R 


4 Dr. George Hellman* attention is drawn to the variation in ‘recording 1 rain- : fr 
a. from instruments at different: elevations. It is stated therein that the Bw 
_ differences between gauges at ground level and at 1 m. above the ground is ‘ts 
4 6 per cent. R. Laskowski,” commenting upon observations made him » 


records” obtained by ‘the Weather ‘Bureau gauge, on ofa 6- -story 
building, and by a gauge located on the ground at his residence seventeen 


blocks away, shows | that the average precipitation from April to September 

- was 11% higher, and from October to March, 6% higher at the ground sta- 

tion than a’ at the Weather Bureau station, 


order to obtain first-hand on ‘ida: Los ‘Angeles, 
i, ™ the Committee arranged, through the courtesy of Carl B. Wirsching, M. Am. 


Soe. ©. E., President of the Board of Public Works, J. J. Jessup, M. ‘Am. Soc. | 
, City Engineer, and Leroy W. Armstrong, M. . Am. Soe. OC. E., /Storm- 
Engineer, for the installation ‘three gauges at varying 
vations: at the City Hall . These | gauges were installed during the spring of 
- 1932, and it is proposed to continue the observations over an extended period. 
The results” to date (Tune, 1932), together with records of the Weather 
Bureau gauge, , located « on the roof of an 11-story building six blocks south of 


fad 


Wind. —Wind velocity increases very. considerably with elevation above 


“Buildings increase the wind welooity and ales the wind gusty. 
ce * * * Wind velocity increases markedly with altitude. | The increase is 


ree, very rapid in the first 100 or 200 feet, particularly over land. _ ii 
aa “On top of the Eiffel Tower, at an altitude of 990 feet, the average velocity 
is 3.1 times the at an altitude 


“Meteorology,” by Willis I. Milham, p. 245... | 
Descriptive Meteorology,” by Willis L. Moore, p. 
Monthly Weather Review, November, 1901, p. 500, 
cit., December, 1929, p. 506. 
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DATA, 


or or Raw, IncHEs, IN Unitep States 
hows WeaTHER Bureau GaucE, AND at Various 
Grounp AT Ciry HAL, Los ANGELES, CALIFORNIA, FOR 1932 ov 


okt Distance ABOvE GrounD | Weather Bureau 7 q 


Average wind velocity 
at Lawn GaucE, Distance above ground | from Weather Bureau 


at Sixth and Main Streets, gauge, in miles per hour 


73 ft. | 459 ft. 


April 25-26....| 0.31 | 0. "20° 0.25 6.9 


Not included in totals. Tower record lost for this day. 
+ Standard gauge set on lawn to south of City Hall, top of gauge 3 ft. , above ve ground. Exposure excellent 
{Standard gauge set on roof of south wing of City Hall, 35 ft. north of south parapet and 20 ft. east of 
west parapet. Exposure fair. Tower to northwest of gauge. 
. _ § Standard gauge lashed to railing of platform on top of tower of City. Hall, 459 ft. . above ground at 
lawn gauge, until February 17; then set out from platform on bracket. Exposure excellent. 


J On roof of 11-story Central Building, 151 ft. above ground at this location, which is six blocks. south 
of City Hall. Exposure very good for a roof-top gauge. Ni 


mY Nichols” ‘points: ‘out t that when higher buildings are built around a 
We eather Bureau station, v very important changes take place in the direction 
of the wind and in the wind velocity. -. Using New York City as an example 7 


2 ‘between. 1901 and 1908, his paper shows that the number of days ‘per ye year hav- 
ing a velocity of 40 miles per hour declined from 90 in 1900, to 47 in 1906 ; 3 to 


87 in 1907 ; ; to 44 in 1908; and to 49 in 1909; whereas at Block Island the — 
number of ‘days remained fairly ‘constant. 


‘Hellman,* commenting upon the ‘records « of three anemometer stations 


thei’ in Berlin, ‘Germany, for the five years, 1911 ‘to 1915, inclusive, found 
eccentric variations. ‘stations: were in ‘three different sections of 


W illiam Charles Devereaux notes marked differences in w vind velocity 


‘and direction at the Government station in Cincinnati, Ohio, and 

observatory at Clifton, with anemometers 150 and 250 ft., respectively, above ” 

the: ground. During April, 1915, a south wind was recorded at the Govern- 


fa ment station only TAN of the time, with an average velocity of 2.1 miles 
per J hour; while at the ‘Observatory. ‘such wind occurred 16. 1% of the time, _ 


with “an ave average velocity of 5.5 “miles per hour. | He states that during two 


years of record the south wind at the Government Building was deficient 


in duration and 60% in ve 
% Monthly Weather Bureau, October, 1910, Dp. 471. pts 
Loe. cit., November, 1920, p. 637. 
Loc. cit., ‘May, 1917, p. 224. 
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Fig. a curve is shown” based on observations taken a at 

of the country concerning the relationship between wind velocities observed | 
above the ground surface with velocities at the ground surface. — wd 

emperature-—Temperature records are. likewise affected by elevation 

_ above the ground surface, by surrounding buildings, . and particularly by air 


currents and~ heated air rising from the t top of steam- -heated buildings. 


“In 
thermometer the of some high buililitig.. “This does not, of course, 


* ‘give the temperature of the streets, where people must live, but it probably 


_ Bd give a close approximation to the real air temperature of the country 
| 


__ Differences in monthly mean temperatures at ‘the Weather Bureau station 


St. Louis, | where instruments are exposed on a building | 110. ft. 


the ground, in Forest ark near-by, where _ instruments “are 


located 10 ft. above the ‘ground, ranged from 1.5° to of, with an average of 
the Weather Bureau instruments always being higher. 


Messrs. C. H. McLeod and H. T. Barnes,” "discussing temperature differ- 


“ences between instruments exposed at Montreal, Que., Canada, and at Mount 
: ‘Royal, at a distance horizontally of 3000 ft. apart, the latter being 613 ft. 
higher: in elevation, | found that the lower station was always” cooler, ranging 

from 8.1 to 116 degrees, 
Citing records obtained on top of the Post Office Building at. Viekebure, 
[iss., 63 ft. above the ground, and at two stations in the lonteude of the 


valley n¢ near the city, with instruments 4 ft. above the ground, 8S. Belden” 
found | through experiments: carried on for” four months, ‘that on fifteen 


“mornings the ‘temperature at the lower stations was lower than that 


found « on top of the Post Office. averages: for “March h and April, , 1907, 


Professor J. Warren Smith,” citing temperature and records 


pe at the campus of Ohio ‘Siede University and in ‘the City of Columbus, 
Ohio, instruments were located. 6 and 170 above the ground, 


City of Columbus was ‘1. 2° mean maximum temperature was 0.3° 
higher, and the ‘mean minimum temperature, 3.3° lower. 


Edward B B. Coberly® quotes information received from Mr. 


concerning the minimum temperature for New Gienas, La., on November ; 
while at Mr. 


“BEyaporation Free Water,” Carl Rohwer, Assoc. M. Soc. E., Technical 
‘Bulletin 271, U. S. Dept. of Agriculture in Co- -Opera mn with Colorado Agri. Experiment a 


“Meteorology,” p. 58. 


A 
4 
— 
| 
| 
— 
— 
¢ 
1 
— 
— 
— 
— 
| 
— 
— 
— 
— 
= 


differences ranging to 30° oceurring ¢ on a hillside with « a difference 


hese 225 ft. above base station 


walle 


6PM. 8PM. 10PM. M 2 AM. 6AM. 8AM 
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Pure 
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in of 295 ft. “~~ the same Bulletin of 5 in | tempera- 
ture is shown thermometers exposed near the and those 
exposed 35 ft. above the ground. These observations are shown in graphical 


“Frost and Prevention of Frost Damage,’’ by Farmers’ Bulletin 
588, U. S. Dept. of Agriculture, April, 1929, p. 3. 


35 Loc. cit., 


Myer’s residence, twenty-five miles south of New Orleans, a temperature of 
was recorded, with ice forming as thick as window glass. | 
: 
vd 
— 
ye 2 ted 4 
al iG. 9 RELATION OF ‘TEMPERATURE AXD ELEVATION AnovE 


9. 
midnight ‘and 1:00 A. M,, ‘which. prune the 
- 35 ft. above the ground, from following the temperature of the other station. 


Numerous other citations from meteorological! al literature might given 


where precipitation, wind, and temperature records as as. collected 
— by the Weather Bureau are not a true 1 measure of actual condi 


+ - tions, , and where, because of the movement in location of instruments, the 
7 record as published does not give a proper index of climatological 1 
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“EFFECT OF BENDING WI 

: 


MEssRs. A. S. -RAIRDEN, AND "CARSTARPH 


7 


A. Ramen Es 50. (by letter) he contributed some 
ale information on a subject that has been under controversy for con- 
siderable time. As pointed out, bending stress formulas on wire rope 
developed, respectively, by ‘Reuleux, Rankine, and Chapman give bending 7 
stress values out of proportion to the breaking strength of the rope. The 
problem i is solved most easily and accurately by the development of empirical 4 


formulas by extending breaking-strength tests of wire bent to varying 


radii of curvature, 
a series of. tests were conducted to determine the breaking | strength of 
8-in. rope _ (improved plow steel), of varying constructions bent over sheaves, 
as in Table 11. The contained U- “grooves conforming to th 


Ratio of sheave diameter to rope| | 
diameter 

For each test a length of wire rope was carefully socketed on on both ends. 

“he wire- rope sample was bent around the sheave (which was free to revolve 

around its axis), ‘and anchored tothe stationary head of a 250 000- Ib. vertical 

_ testing machine (see Fig. 13). The two ends of rope, leading vertically « down- 


ward and parallel to each other, , were securely attached by sockets to a hori- 


| 


ee bar which, in turn, was a 
“machine. Gradually the load was applied to the specimen bent around the 
sheaves until complete rupture occurred. itt 


in December, 1931, Proceedings. Discussion on this paper 
als; an ay, 1932 


Messrs O. P. Erickson, F. W. Deck, and O. G. Julian and J. Damon. 


Chf. Engr., Am, Cable Co., Inc., New York, 


as follows: "April, 1932, by Messrs. Robert C. Strachan, and C 


8G Note.—The paper by Frederick C. Carstarphen, M. Am. Soc. C. E., was published — 
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* Corresponding to each series of bending tests, a regular straight sm 


* g strength test of the : rope was also conducted. by In this test the straight sample 
_ of rope was subjected to loads of gradually increasing intensity until it broke. 
_ The load applied to the bent specimen at rupture was divided by two, in 


order to obtain the load on one | end. The value thus obtained was subtracted 


we 

from the ‘strength ¢ of the wire rope obtained by a straight in 
order to determine th the loss in breaking strength of the rope due to being 


bent. around the sheave. Ih each case this loss i is expressed in terms of per- 


straight. The breaking- strength losses corresponding to each” sheave 


"diameter factor are interpreted graphically in Fig. 14, which also shows s the 
cross- -sections of the corresponding ropes. The details of construction of 


9 
these ropes listed i in | Table 12 ite Jn 
The he important difference between the sample in Fig. ‘(regular 


rope) and that in Fig. 14(c) (lang lay rope) may be studied in Fig. 15. The 
details of construction absolutely identical in all respects except that 
‘the direction o of twist in the « case » of the lang lay rope (Fig. 15(b)) is the 


‘same for the wires in the strands and the strands in the rope. | In the case 
of the regular lay rope the direction of twist of t the wires ind the strands io” 


to > that of strands in in the | 


; in the 1 rope are, in all cases, of such a proportion that the imaginary angles 


- formed by a wire with respect to the strand axis or by a strand with ‘respect 


to the ‘Tope axis are equal and to 18. in 


centage loss of the beeaking- -strength vs value of the r rope when 7 pulled to to destruc- | 


| — 


er 


Factor Times Rope Diameter = Sheave Diamet 
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| 
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In the case of a regular lay rope’ the angle of wv of an wires is equal 


a and opposite in value to that of the lay of the strands. | The resultant angle, 4 
therefore, is zero, and the wires on the crowns of the stone run n parallel to. : 


4 
the rope axis. 


ag 


meter 


4 


3 
a 
> 
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(a) 6X19, with 6 Filler Wires; 


Regular ‘Lay; Hemp: Core 


Independent Wire Core 


pe Diameter 


imes Ro 


> 


(c) 6x19, with né Filler Wires; Lang Lay? 
Independent Wire Rope Core 
id 


= 
P ntag Loss of Breaki 


RENGTH In ROPE, Duz BENDING 


the case of a lang Jay r rope Tay | of ‘the wires is sequal in 


imaginary -y angles of 37° respect to the rope axis. 
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ON EFFECT OF BENDING WIRE rope 


‘TABLE 12.—ConstrucTion DETAILS OF IMPROVED 


Metallic | 


in str ‘ires, in| rope, in | lay, i lay, in 

square inches 


6x19, with six fillers; 
regular lay, with 
hemp core. 
6x 19, with six ‘fillers; * 
regular lay, with 7 x 7 Inner, 7 
independent wire rope} } Filler, 6 
core (a small wire rope} | Outer, 12 
within a wire rope; iw, 


6x37, ‘Seale; reguiar terre, (Maer 0. 
day, with core. Main, 1.61 


Rope. 


Fic. 15.—COMPARIS OWING 


Wire 
| 
— mens,in 
— — |. |. 
— 0-019 | 1.56*| 4.00t | 33 720 t 
7 -| 0.019 |} 9 193906 1.56*| 4.00t | 37 
} 4.00t 31 660 ef 
— 
<< 


-RAIRDEN ON EFFECT OF BENDING» WIRE ROPE 


load of the v various samples subjected to “straight t pulling 
- loads | were determined in each case by striking an — of several tests, 


ad the e values i in Column (8), Table 12, were obtained. 


The | percentage loss in breaking strength of the bent specimens, cut dune 7 
the same rope on which the straight load tests were obtained, have been pre- 
as plotted Points in Fig. Jo 


Curved lines in Fig. 14—drawn in each case to represent the average 
results of the several tests—immediately | suggest a relationship between the 
_ sheave diameter and the loss in breaking strength of the ropes to conform — 


to “hyperbolic curves, \ with gradually increasing sheave diameters, until 
has been approached for the radius of curvature of the _ The 


"approaching the of the tint all prac- 


— tical purposes the sample conforming to an infinite radius of curvature may 


BRS also possible - to visualize a a sheave diameter so small as to have the 


ses of the blade of a knife- edged cutter. A wire rope bent to conform to 


Be radius of curvature of this extremely small sheave diameter will be ‘sev- 
ered with to the two ends of ‘the rope. The 


the ‘Gifferenios in distances between it and ‘two’ fixed is constant. "The 
- ei for the rectangular equilateral hyperbola, when the asymptotes con- 7 


form to the abscissa and ordinate, ~ 


abscissa and ordinate to the ‘Point of inflection of the curve. = a weit 


a a pe =. 


in Fig. 14(c), 2 


10.25. 


definitely p prove the error use of the ordinary ‘theory 
a of flexure of solid beams for the development of bending- stress formulas for 


wire rope. The. development of the problem 1 from an angle of 
a wire rope equivalent to a spring is a closer approach to_ accuracy. _ How- — 
ever a definite error is introduced by the use of theory due to the 


bw crepancy between helix characteristics of the outer and inner wires in 
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-CARSTARPHEN ON EFFECT OF BENDING WIRE ROPE Discussions” 

— 
- F.C. Carstarpuen,” M. Am. Soc. C. E. (by letter may be in order 
t o remark that this paper was written | as” ad defense of wire rope in the 


part it plays in 1 industry, and, therefore, “must refer. to “many topics in 
4 _ the-use of wire rope that are controversial. 7 It struck at the importance that Jf 
is attached to the ratio of sheave-rope diameters as a ¢ criterion of the service 
life « of wire e rope, a and called attention to the nanere > of velocity ix in such 


was hoped that the would be , and would cover all 
_—— of the problems | considered. - Although this hope was not fully realized 
-_— being said about subjects already familiar, than about those that 
_ obscure), the writer is , greatly pleased with the data that have been sub- 
mitted and feels indebted to those who have taken part in in the discussion. 
The » ‘paper rand its discussion is a start toward a a symposium of the subject 
and may inspire research on s some of the points" raised. It is noted that 


the several discussers have covered and enlightened most of the Hee 


Since the writer not wish to assume to that which is to be 

proved, ‘it is particularly fitting that the discussion of this paper be closed 

"without | ‘serious comment, because the ‘record should stand : as it. is 


a of many views on an subject. Several: minor questions 


it Mr. Strachan assumes that there is some inherent difficulty i in using 
Equation (20) to compute the loss of strength due to bending a rope = 
from different : sizes of » wire, around : a given radius. The contrary is : true, 
and as an illustration of the method, a computation is is made of the loss of of 


strength due to bending a 3-in. wire rope around a _ sheave with a radius 
of 3 in. Fig. 16 illustrates the | grouping of the wires in a 3-in. Warrington, 7 


strand (a, lar Fie 16 be round have a diameter of 0.054 in., 
the outer wires alternately 0.042 in. c= 0.058 in. There are 


Six such strands, | or - 114 wires. The radii from the center of ‘the strand 
to the center of the several wires are | as shown in Table 1 
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_ The diameter of in. strand is 0.288 in. and that of the rope, 0.796 in. a 
core is 0.220 in. ; the lay of the wires in the : 


‘TABLE 13. OF A Warrincton Wire 


IN Fro. 16(6) 


Diameter of wire, in inches 0.054 — 
Distance from center of strand to center of wire,ininches| 0.054 _ 0. 102 0: 096 


so ts 1. 815 in.; - the ‘lay of the rope is 4.94 in 3 the angle of ‘the wires. 


in strand is ( 0. 192 = 18°93"; the of ‘the strand in 


the rope is tan” 


_ ae Equation (20) to the w wires forming ‘the centers of the ‘several, 


strands: r, = 0.254 in.; a sin a= - 95 cos a = = 0. 308; and 


6 6 
x0.254 (2 x x 10° +0. .90) + 28. 5 x 10° x0. 0949] 


_ The pull on the six ane whew (a’, Fig ig. 16(b)) at t 13. 94 Ib per wire gives, be 


= ‘say, ‘Tb. . Proceed to the first, row of wires (a, in Fig. 16(b)) about these 
7 ‘center wires. Since this is a regular lay rope the angle of the wires of the ~ 

: strand (except the center wire), with the axis of the Tope is practically zero, 
and is so taken in this case. If it 1 was a lang lay 1 rope this angle would be 
the sum of the angles « of. the 1 wires and strands, thereby demonstrating what 
7 Mr. Rairden so ably proves, , that the loss of strength due to bending a 
7 regular lay rope. is not the same as for a lang lay rope of the same diameter, 


: and size size of wire ; thus, for Wi ires (a), 16(b) A= 0.054 in, ,and, 


a 4 (0.054) x 28.5 x 10° x 11 x 10° 
= 37 X 0.054 [4x 11 x10] 
on on thirty-six wires, at 66. 8 Ib per wire, gives 2 404 


en, proceed to the second row, and consider the six wires’ © “Fie. 


(0.058)* 28.5 x 10° x 11 x 48.76 lb. 


pull on the thirty- “six wires, at 12.6 Ib | wire, 
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au The total load ‘of: aired due to bending the rope on a 3-in. radius (or, 
swith a a sheave ratio id: ——— = 8), is the sum of these values or, say, 4 700 Ib. 


If the breaking | strength of the straight rope is 35000 lb, the bending of 


rope about such a sheave, amounts to a loss of or 13.5% 


following formulas” for bending in wire rope Ye should be added 


in in addition to \ of ‘paper, == modulus of 


elasticity of the: rope, and D,= : diameter « ad the bend of the center line’ of ‘the 


rope. It is to be noted that Equation (60) is a variation of E quation (10). -_ 
7 a Mr. Meals always writes well on any subject pertaining to wire rope, 
and its : use, and | his opinions ‘are appreciated. ‘The writer believes that little 
: gained in separating the center wire of the strand from its neighbors in 


estimating the strength of a wire rope. 


‘The writer appreciates the comments of Mr. Deck and agrees with him 
_ concerning the importance of high frequency vibrations, and their effects, 

- on ‘stretched cables and wire ropes. _ This opinion is based on ‘observations 


of the performance. of 1 messenger cables in long- -span transmission- 
crossings: of rivers bays, such, for instance, as the great crossing | of the 
St. Lawrence River, at Three Rivers, | Canada. 
Messrs. and Julian present of “much that has been 
accepted as commonplace in discussions on wire ‘rope and. its bending stress, 
and, therefore, balance the discussion, : their remarks: are accepted as a 
proper addition to it. From personal contact with the late George F. Swain, 
- Past- President and Hon. M. Am. Soc. C. E., the writer is certain that he did 


‘not intend : any sweeping generality, that may “have been said concerning the 


constancy of the modulus of elasticity of steel, to apply to rope wire, because | 


> 


is v well known that the value between 23 000 00 30 000 000° 


- ‘The test data submitted by Mr. Rairden are most instructive in that ~s 
conclusively, the difference in ‘the loss strength due to bending 


regular lay rope as ‘compared with lang lay. This important fact has ‘nev never 
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ropes, and, of course, ignored in the simple generalities that pass 


« engineering formulas of merit. 2 ZiC 
There i is need iow more tests of wire rope to determine the loss of andl 


many opinions concerning the service factors of wire rope. . Sometimes, ‘it 

‘seems to the writer that the design of wire rope i. like that ‘of.a mansion of 

many windows, porches, and | blinds, that are shuffled around at the owner’s 


will. There are many styles of wire rope, but a all are built on the same old 
foundations of a hemp or wire rope center. Since such centers have little or 


no resiliency, , it is believed that the next step forward i in wire-rope construc- — 
vr 
tion will be in the adoption of an elastic: foundation for the strands. _ 


a- 


a 


January, 
een riven The that merits by writers on the hendins ctrocg 
— 
7 
if — 
— 
of 
j n q 
ts, 
the J 
en 5 
— 
ain, 
— 
000 
— 
they 
— 


APPLICATION OF DURATION CURVES 


Discussion 


MESSRS. KNAPP, AND ROBERT F. EWALD 


Kyapp,” Esq. (by The 1e present tendency of engineering 
_ science leads always to the substitution of a number of isolated solutions by - 
general ‘systematic methods, which do not perhaps correspond entirely 
to the individual properties of the case under consideration, but which by 4 
their power of general: validity promise an abundance of new facts. More- 
over, such a synthesis provides” for a great “economy of labor and time, thus 
fulfilling one of the engineer’s ‘obligations, namely, that of efficient and { 
reliable service. © Considering especially the mass of new hydro-e electric litera- i 
ture, such "procedure becomes almost a necessity fo for the engineer w who is. 
Any one can develop a: an number of variations of methods; but 0 
for ' daily use a | general method of maximum ‘simplicity. without t special excep- Es 

tions s combined 1 with reasonable is | required. 
oN o doubt most y young ‘engineers bring from school an enormous yus quantity og 

i of scientific facts and a number of solutions ¢ of the ‘most varied problems; but + gi 

the | coherence, the -“Leitmotiv,” is missing and © ‘the | clear conception and lo 
; 4 synthesis come only after years of practical work, so that often simple f funda- Og ds 

a “mental 1 questions are considered as difficult and ‘complex. om 

Considering the authors’ paper from | the foregoing» viewpoints, it ‘seems lo 
to the writer that the assumptions made are 1 restrictive to its, general use. to 
‘Large hydro- electric systems usually comprise a number of streams on widely 
Be. separated water-sheds, thus contributing to the equalization of the total avail- fF gr 
; able natural stream flow. In any such study factors of capital importance, : de 

_ - guch as the effect of hal factor and seasonal variation . of load demand, as of 
well as possibility of pondage, must be taken into account. The duration- ple 
Nore.—The paper by G. H. Hickox and G. 0. Wessenauer, Juniors, Am. Soc. C. E., 
Bas was published in May, 1932, Proceedings, Part 1. Discussion on this paper has appeared | 7 BY 
r ‘i - in Proceedings, as follows: October, 1932, by Messrs. Paul F. Kruse, Donald H. Mattern, — «nO 

James E. Stewart, Don Johnstone, L. T. ‘Guy, and Joel D. Justin ; ‘and 1932, 
by C. Maxwell Stanley, Junior, Am. Soc. 


Hydr. Engr., The Sio Paulo Tramway, Light & P & Power Co., Li Ltd., Sho Paulo, 


MERICAN SOCIETY OF CIVIL ENGINEERS) 
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_ KNAPP ON HYDRO- STUDIES 


curve entlied cases loses much of its simplicity. The authors assume 
a load demand of such a nature that a uniform rate of output is required. : 
For large storage plants such an m assumption is feasible, but the actual output 
of run-of-river plants depends : so much on seasonal system load demand, load 
factor, installed 1 capacity, pondage, and seasonal distribution of flow, that a 


this assumption may lead to considerable error. . Henee, the introduetion 


of “use curves,” “utilization factors,” ete. 


The importance of the problem | of power output of several hydro-electric 


developments, supplying the same ‘power market, demands a general unre-— 
_ stricted solution of easy applicability. Load-duration curves and hydrograph ; 
and mass curves are the chief “members” ’ of the general solution, hehers~all 
however, the -and- -try” process inherent in the usual weekly or daily 


Tn 1914, Mr. a . Hutchinson proposed a power-energy curve,” which 
the case ‘under has not 
According to Mr. N. E. Funk, 
“The curve is by plotting of ‘the 
as abscissas against corresponding percentages of the total power or peak as 
ordinates. The percentage of the total energy corresponding to any per- 
centage of the total power or peak i is obtained by integrating the area of the 
load curve bounded by a horizontal line drawn at the desired power value 
- ead ex the contours of the load curve, the contours of the load curve below 
Be: horizontal line, the ordinates between the contours of the load curve 


and the base, and the base of the load”) 


ng: _ This power energy curve is far more valuable than Mr. Funk's definition 


makes one suppose. Its value is derived from its quality as an integral curve 
of the load- duration | curve. thorough study of this integral curve reveals 


the 


‘some very interesting and valuable features, among ' which is the possibility ‘ 


of reducing any load demand to a 100% load-factor demand. Mr. Hutchin- 
, son’s integral curve, therefore, may be reduced to a single © vertical line with 
divisions in 1 percentages of n maximum yearly peak load. As the daily 


“load demand varies with» the "seasons, representative equivalent 


“daily load diagram may be chosen for each week or season, ‘This load d diagram 
be reduced 100% load factor explained and the representative 


load demand lines arranged in chronological order. Thus, a two- -dimensional 


total yearly load demand diagram is obtained, instead of a three dimen- 
sional ¢ “load demand mountain.” > Next adding the run-of-river plant hydro- 
_ graph and ‘reducing the o ordinates to those of ‘the e corresponding 24-hour load a 
demand, the ‘diagram permits s reading all necessary -y values directly or r by 3 means a 
mass curves. It shows, also, that deficiency ar and waste at the run-of-river 


plant may occur, to ‘speak, at the same time. ie bog 


example, the application of this procedure to the authors’ Case 2 does 
not require Assumption (1) (see “Basic: Assumptions”). Although a hydro- 

graph is necessary, tedious day- by- day “studies are avoided; ; Assumption (3) 


Transactions, Am. Inst. Elec. Engrs., Vol. XXXII, p.155. 
2 “Economics of Combined Hydro and Steam by N. Funk, Trans- 


ions, Second W World Power Conference, Vol. X! Pp. 281 — 
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fs) - ean also be avoided; while Assumption (2) requires a compensation pond at 

 @ convenient point between the two plants if the distance is considerable. The : 


a ‘method proposed a also avoids the authors’ fundamental procedure of construct- 


duration curves: for exactly one complete reservoir ir cycle. 


destdie: supplying the same ‘power r market. 
nan capacity | ef each station, however, 1 ‘must be determined by an economic study. | 


The capacity of | a run-of-river plant and, therefore, the cost . of energy, is a 
ey the total system load demand. _ The greater the demand, the | 
greater will be the capacity. _ However, the power company wishes not only | 


oa, to produce cheap somes at Plant A or Plant B, but wishes to produce the 

total output as cheaply as possible. ith expensive peak energy the most 
economical capacity of a of- river plant becomes greater than that 
¥ determined by | consideration of the economic conditions of the run-of-river J 


Roserr_ F. Ewatp,” M. Au Soc. E. (by letter).” “The uses: of the 
duration curve have been ‘presented in an admirable manner in this paper to 


- determine the relative capacities of hydro- electric generating stations to be 


aoe on the same or on continuous W water- sheds wes natural flow varies in 


yan 


If the storage available economically costs” large relative 


to to the total annual run-off, ‘the duration curve utilized in pethgcatetns pro- 
a posed may be the only tool required for 1 a reasonably accurate determination 
of the proper “capacity. However, in most cases, in situations similar to 
age - those under consideration by the authors, the determination of the “reliable 
= pow er rate” follows a study’ of the most economical size of storage reservoirs 
to be provided. — That study necessitates consideration of the flow records for 
ae period of several years and, for this purpose, , the mass curve of stream flow 
in its various modified forms seems to be the ‘most ‘convenient tool. From 
this point, the ‘procedure depends on the set-up of the system to 


> 


many cases, especially those in which large steam reserves are avail- 
ble, in order to utilize hydro- -electre energy to the greatest advantage, it is § 
best to use variable | power ‘rates in the system, , depending on reservoir and 
conditions. In order to develop the proper “rule curves” it is ‘necessary to 
7 = study the entire flow record repeatedly. | For this purpose, ‘the “energy draw- J 
down diagram” * is a convenient tool. Such diagrams are readily constructed 
oe in a few hours and are of special value i in studying systems utilizing large’ 
he reservoirs, with relatively large draw- down, long conduits with widely vary- 
ee ing losses, | and turbines with widely varying - efficiencies, because all these 
on ; factors, together with leakage ‘and evaporation loss, may be fully and easily 
evaluated in the preparation and use of the diagrams. 


#Hydr. Engr., Aluminum Co. of America, Pittsburgh, Pa. 

November 8, 1924, p. 993. AZ 
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_ In the execution of such work i it a appears poulentiien to keep he final results 


the form of of Power available in reservoir levels, 


gp 
pared. his: curve, however, has a much different significance e from that 
discussed by the authors. enable comprehensive of the 
possibilities of a a hydro- electric system, not. only should the duration curve for 
_ reliable power r rates be available: for the e period of minimum low, as described - 
by the ; ‘authors, but (what. seems. to. be n more import: ant), a an average duration 
curve based ed upon a application of ‘the proposed Tule curves should also be 
The writer uses a form of mass curve ‘th at is of considerable interest— 
* curve of cumulative deviation from mean discharge. In its rariations 
this curve swings about a horizontal line and, therefore, is very conveniently 
_ plotted on ‘Successive letter-sized sheets which may be easily attached to each 
other. The curve may be e used not only i in studying storage possibilities, but 3 oy 
also systematic variations in the flow. This is ¢ an important matter, which =~ 


= will receive more consideration i in the future. 
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_ GEORGE WASHINGTON BRIDGE © 


GENERAL CONCEPTI 


Ey 4, 


Scuwarze,” M. Am. Soo. C (by letter).*—In this paper Mr. 


Ammann has made a distinct contribution in presenting a history of the 


many attempts to design a safe and adequate overhead ‘crossing of the Hudson: 
a River, at New York City y. T he engineering difficulties involved in such an 


 epoch- making design—both as to length of span and capacity for traflic— 
were, ‘indeed, « enormous. The splendid fruition of the adopted design” is its” 
= ‘ss own evidence of the care with which it was prepared, even to a considera- 
of background involvi feeling and, also, transportation 
a yen Aside from the actual kinds of structures considered in this paper, it is 
“interesting to recall designs in non-structural steel arches that have been. 
at both of the chronologic period of North River bridge 
planning. "Probably « one of the first of such designs (in the earlier part of 
the Nineteenth Century) w was that a an arch composed of wooden shear 
; rae ellen, Great confidence was placed upon the e shearing strength of these blocks, 
which: were e to | have been cut in somewhat t the same fashion one finds” 


Japanese or Chinese construction. _memory serves, “no such 


es ever, that one of the latest: designs for the North River bridge crossing was 
also an arch; this time of reinforced concrete and for a span of 3500 ft.! It 


yi eS ie is vouched for by at least two engineers, recently returned from abroad, that 

gg eee French engineer, under the i impression that the George Washington Bridge 


design would | be « competitive, , prepared a ‘design of a reinforced concrete arch 


a _ thought of a location so far north. it will be recalled that when the present 
oA ii - streets and avenues were laid out for future development, little consideration 


Notr.—The paper by O. H. Ammann, M. Am. Soc. C. E., was published in August. 

ty 1932, Proceedings. Discussion on this paper has appeared 

November, 1932, by E. E. Howard, M. Am. Soc. C. E. 

Prof. of Civ. Eng., New York Univ., New York, N. 


bis. ok as 3 500 ft. w ‘was contemplated by the designer. It is a coincidence, how- | 


In earlier designs for under consideration was little orno 
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was given to future northward trend of trafic. was supposed; with, 
methods of transportation then i in vogue, ‘that traffic would be largely east or 
west or, from river to river. Hence, the congestion in 
north and south avenues in Manhattan. It is, ‘therefore, highly ‘significant 

that the first bridge joining New “York: City” with municipalities in New 

_ Jersey should be located at 179th Street, roughly, a dozen» niles north of 
Brooklyn Bridge, and not at Canal Street. In more than one instance, insis- 
tence by business people ofa ‘community to have through traffic routed so as 
to pass business houses, has proved to be a boomerang. Usually, considerable 

harm and little or no good has resulted from the e ensuing traffic congestion. 

_ Thus, | little or no tendency is found toward the development of a business 

section at the New Jersey « end of the bridge, and on m the New York side, a 

tunnel is actually in process ss of construction. to. move the ‘major ‘portion of 
bridge traffic away from the business section in 181st_ Street. 

One phase of this paper deserves special attention. Engineers 
acquired | rather uneny iable’ reputation a as s being contemptuous” of asthetic 
feeling i in their structural design. In days gone by, it became meces- 

sary to cover struc retural elements, such as with masonry, the covering 


mony with the surroundings. ; 


a garbed in monk’s gown and cowl) were so delighted with the al 
fected structural elements that they spent more thought and effort in empha- : 
‘sizing these than in any other parts of the structure. Thus, in true Gothic — 


buildings, the ‘structural elements are intentionally visible from both out- 


- side and inside. The first coverings of the modern steel skeleton buildings: _ ‘i 
were: hideous in appearance and out of harmony with the character of con-— 
Later methods practically begun with the Woolworth Building, 
_ emphasize the vertical as well as the horizontal structural lines and, behold, © 


“the | beautiful | skyscrapers! Editorial and other comment in the press and 
- magazines during this ‘period of development a are » eloquent o on this point, 


-Designers for the ‘Westchester County Park Commission in New York 


i 


also awake to possibilities of esthetic appearance. Their rigid 
- bridges, handsome in appearance to the eng engineer whose photo- elastic ey eye sees 


beautifully adjusted stresses, were made attractive and pleasing to the non-— 
engineering by “fake” stone masonry covering. More than “this, 
the engineers were ‘very particular about the selection ‘of local stone: so 

that the character and color of the stone covering should be i in harmony with 
surroun ding landscapes. Mr. Ammann justly takes pride in the beauty of 
ee the design of the steel work in the towers of this bridge. | ‘Friends of the 


writer, critical of westhetic effects, have expressed appreciation of the towers 


~ 


as they are. This pleasing appearance is particularly noticeable from the _ 
New Jer ersey rsey side, when the towers are viewed with the tall Medical Center 


Provision has been made to cover the unethical appearance in concrete. in 


the anchorage. Tt may be that the stone cover | be selected, 
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do one in Westchester parkways, to harmonize with. the rocky cliffs of Wash- 


ws eons ‘covering of prominent structures should be plausible. If it is to 


carried by the tower steel, the towers must be relatively 1 narrow. 1 a 


_layman’s eye (say, from a river whe sees the cables resting ¢ on 
- and not on the reliable steel bents. <A tall and narrow masonry tower, appar- 
ently carrying such a heavy and shifting load, would appear to be very weak. 


This may ¢ defeat, effectively, the purpose of esthetic treatment and prove to 
be just another | attempt a at “gilding the lily. abit haw 
ay 
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TESTS OF RIVETED AND WELDED 


By MESSRS. RAYMOND J. _ ROARK, AND LYNDON F. KIRKLEY 


J. Roark,’ E letter) *_The part of this. paper that 


‘an 
with the effect of welding on strains au and stresses was of ‘special interest to the 
writer, and it is with this | subject t that this discussion i is concerned. 
That the ‘unequal heating caused by welding the parts of a composite 
member produces residual stresses is “obvious, and “many have expressed 
- apprehension as to the possible e effect of such stresses on the strength and stiff- 
of members so fabricated. Tests have been made for the purpose of 
securing information on this ‘point, but few of them seem to have been planned | 
80 as to : yield information on all three of the questions of practical impor- . 
tance, namely : (1) What total | strains are produced by a given welding pro- 
cedure ? what ‘total stresses are produced? (3) what are the effects of 
these strains and stresses on the mechanical properties of the member as a 
whole? Thus, the tests made by Messrs. Slater and Fuller revealed the mag- : 


nitude of the total strains produced and the effect—or absence of effect—o 


mechanical properties of the columns; but, as the authors point they 


not show what part. of the total strain was s plastic and what part 
deformation accompanied by residual stress. _ 
_ Some time ago the writer made tests designed to throw light on all ‘ro 
‘of ‘the foregoing questions as they applied to the so-called “button” or ‘Tivet 
welding. ~The connection, in this type o of weld, is effected by punching or 
drilling holes in one of the. parts, placing it against another part, , and filling 
Or partly filling the holes with weld metal, as shown in Fig, 23. It is a ve 
‘convenient substitute for riveting, and is ‘especially suitable building 


up composite beams or colums of plates and channels. 


__ _Nore.—The paper by the late Willis A. Slater and M. O. Fuller, Members, Am. Soc. | 
E., was published in September, 1932, Proceedings. This discussion is published in 
Proceedings in order that the views expressed wash be brought before all en for 
® Associate Prof. of Mechanics, ‘Univ. of Wisconsin, , Madison, Wis. i be ic 
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and F from one bar. 


TESTS ON STEEL COLUMNS Discussions 


specimens used are shown in Fig. 24, The scheduled in 


making 1 up ‘the specimens wry corresponding standard test pieces was as 


(4) 2 three bars; ‘namely, Specimens A 
one Specimens D from one bar, Specimens E 

Make one standard tensile from each 

(3) | Anneal all material, including tensile specimens, after cutting. oe 
8 Drill Specimens . A, C, and E for strain-gauge holes before welding 
take strain- -gauge readings before and after welding. 
Weld Specimens A, B, CG, and D, thus: 
(a) Weld Holes 1 and 5 5 (Fig. 24) and allow 30 min. for cooling. 
(b) Weld Holes 3 and 6, and allow 30 min. for cooling. — atid 


(6) Weld and F without cooling and, in the Holes 
1, 5, 8, 6, 2, and 4. 

A, C, in Table 7, and 

_~ 


. = outlined in Steps 3, 8, 4, 5, and 7, but pre ‘after welding and then 


‘Strain Gauge Holes Drilled on Center Lines of Front wen; 


6 


$23 


lines indicated in ‘Fig. “er the total strain consequent t upon welding was 


thus: determined. plates were sawed through as directed by Step 7 te * 
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mneda how much of this strain was elastic. The front plates (with holes) 
‘were cut on the solid lines and the back ‘plates: (without holes) cut 


‘on the dotted lines. A third set of strain-g “gauge ‘readings was then taken on 


approximate calculation actual ‘residual stresses: introduced into the 

‘plates by the welding operation. Of course, only y average stresses over the 

in. gauge lengths could be determined thus, and it was possible to 
tain neither the maximum stresses nor the manner in which the stress varied 


___ The ults of these mea surements and calculations | are given in Table | 

: For convenience, the product of unit deformation and ‘modulus of elasticity — 

is given, rather than the unit strain. hen this product is calculated on 

the basis of total strain (plastic: and elastic dy it is called apparent stress and 

when calculated on ‘the basis of elastic str: iin, it is called actual stress, | The 

terms are not exact, but it is believed that their significance 


Table 7 7 these apparent and actual stresses are tabulated adjacent to the 


gauge lines where they were found to occur, 


study of Table 7 shows that: ~The ‘apparent stresses were 


large; (2) the actual stresses were large ™ some cases, but were very y much > 
less than the apparent stresses, ¢ and had little if any consistent relationship — 
‘thereto; (3) both apparent: and actual stresses were highly irregular, thowing 
‘considerable variation as betw een different spec cimens and as between different 
“gauge Jines on ‘the same "specimen ; (4) in general, the actual stress in ‘the 
intervals between welds was compressive in ap rear plates and tensile in 
the front: plates; 4 and (5) as between the standard welding procedure, used 
in preparing Specimens A and C, and the “rapid” ’ welding used i in preparing — 
— E, the standard procedure appears to have caused much smaller 
App. paren at stresses and somewhat smaller actual stresses. 
Five “specimens: were tested in tension. Three of these, B, and 
"were respectively, ‘similar to. ‘Specimens . A, C, and The othem, Speci- 
mens G and H, were similar to Specimens A and C, but y were annealed sub-— . 
“sequent to welding. a he quantities determined i in the tensile test were the _ 
-modulu s of elasticity, proportional limit, apparent elastic limit, and yield 
- point. In: addition, the load at which the plaster wash began ts to flake off, and 
and the points at which such flaking first occurred, were a 


capacity, of the machine used was not great enough to permit the ultimate — 


e results of the tensile tests , together with the results of tensile tests 
on standard coupons of corresponding material, are listed in Table 8, which : 
is arranged to facilitate cross- reference between the actual and apparent 
‘initial stresses found in the several types of ‘specimen an and their tensile 
properties. It apparent these results, and from the stress- strain 
diagrams diee te in Fig. 25, that the welding operation had little effect v upon 


modulus of | elasticity, apparent elastic limit, or yield point, but that it did 


cause a considerable in in the limit of proportionality, i in compari- 
7 with either the annealed Specimens @ and H, or the coupo a 
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_ It appears reasonable to assume that the low elastic limit of the 


mane ‘pieces was due to the presence of initial stresses, the material yooereel 
initial stress” reaching its elastic limit at a ‘comparatively low average load. 
‘The rather well- defined break in each of the stress- strain diagrams" would 


also. seem to indicate that a eonsiderable 1 volume of material reached its 
elastic limit at t the same time, : and, therefore, — must have been under an 


‘approximately uniform intensity of initial stress. vr 


TABLE 8. —Resunrs OF TENSILE TESTS WELDED Sp ECIMENS COMPARED 


wI PAN -TENSIL PECIN 


Mopuvs o or Unit Srresses, IN Kies Square IncH ater 
ILLIONS OF 
Tested — 
tension | | welded (Standard Welded weided Welded [Standard first ob- 
‘strain tensile |specimen specimen specimen 


A*.....] 29.0 | 29.0 | 18.25 6 | 27.5 | 30.8 | 32.45] 33.75 | 32.25 
59.25 | 98:3 | 14.25] 29.6 | 26.2 | 33.0 | 33.75 


27.0 29.3 | 13.25 | 28.15 | 31.4 | 33.7 | 34:2 | 36. i 
and | | | 28.28) | 80-0 | | 
com 
Cat ime wan lowed for cong 


} Welding procedure same as for Specimen B, except that specimens were annealed after welding. 
§ Flaking t observed on the side opposite 
i Flaking first observed on the side opposite Welds 4 and 5. or iti 


Flaking first observed on the side Welds 2, 6, and 4 

to Be dois bs 
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Unit Stress in Thousands of Pounds per Square Inch 
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KIRKLEY ON TESTS ON STEEL couu MNS 7 _ Discussions J 


the results” of these tests are” compared with those reported by 
Messrs. Slater and | Fuller, it is seen ‘that the apparent stresses: are of about | 4 


the same order of magnitude. | The e volume of weld metal deposited, and the 
3 corresponding heat input, proportionately greater in the case of the 


tension specimens, and | as would be expected the greatest strains caused were om 
somewhat greater ‘than those found in the columns. With the exception of k 
a few values, _ however, the ‘difference | is not great, and it is of interest to = 


note that ; the reduction in n proportional limit caused by welding was about - 


the same in the ‘columns as in the tension specimens. 


4 
we ‘It would not be expected that the yield point in tension of a t test piece - 


as a whole would be affected appreciably by initial stresses, because the rela- 


tively large unit deformation occurring at and near the yield point permits. * 

: an equalization of stress; but it might be e supposed that, in the case of a te 
column, any considerable non- ~uniformity in stress distribution would lead to 


buckling at a load less than that which the member might otherwise be 

— expected to carry. The tests ‘reported 1 by Mesers. Slater and Fuller, however, 
wie 

‘fail to show any reduction i in strength due to initial stress. uTti is to be noted, 

in this connection, that the columns tested by the authors were symmetrical 

with respect to the longitudinal axis, and ‘that the welds also were symme- 


trically ‘disposed with respect to that axis. This circumstance would tend 


minimize both | the te tendency of the welding tod distort the column: 
and ‘their tendency to “cause buckling due local 0 over- -stressing. In a 
column in which neither the material nor the welding w was symmetrical with - 
respect to ‘the Jongitudinal axis, both these tendencies might be apreciable. i" 
The welding procedure followed in preparing the tension specimens might = 
have been expected to. cause erookedness, an nd the uneven distribution of 
initial stresses would appear to indicate that there was some bending; but as § ? 


far as could be ascertained by the eye the specimens were straight; there 


was no appreciable curvature either of the specimen or of 

the whole, ‘both the column tests and the tests appear to 


eine: that while welding may cause large plastic strains and fairly large 
stresses, and 1 may appreciably lower the proportional limit, these effects are 


not necessarily accompanied by reduction in strength. It would be of 


Dear out such a conclusion might also be of interest to ascertain ‘the 
“effect of the local over-stressing occasioned welding * 


“coefficient” of members thus fabricated. 
Lynpon F. Kmxtey,’ Jtw. Am. Soc. letter): *_The “a 
a and complete analysis of steel column test data in in this paper ¢ adds materially - ] 
the information already available on this subject. It provides needed 


7 experimental data on both welded and riveted steel column construction, and 
it is only to be regretted ‘thatthe | investigation could not have been ‘more 


( 
5 
*Structural Engr. Apprentice, McClintic-Marshall Corp., Bethlehem; Pa. 
Received by the November 28, 1932. = 
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dy extended, especially with h regard to the number of test t specimens of each 
at type as well as a wider r: range of core sections. qh ee 
1€ py Although these tests will provide valuable information for a large part 


1€ light building construction, until similar tests have been performed on the — 
r _ much larger specimens used i in heavy building construction engineers will not 


q know much more of the mysteries of stress action and distribution in built- | 


a 


to E steel | columns. » In heavy column construction: it Is not uncommon to find 


“a the heaviest of ‘rolled H- sections buried beneath 2 to | 4-in. cover- r-plates and 
a g surrounded by an additional arrangement of rolled angles and plates. - 
ce improvements have been made in the accuracy of correlation of 
stress s analysis between these more complex « column | sections and the simpler 


types, as tested and described in this paper, not much will have been added 
to heavy steel column data. we USN, 7 


| Items 2, 3, and 10 under “Summary of Results,” “emphasize — 


problem of steel manufacture—the effect of heat : upon the parent metal. ‘The 
_ authors have pointed out: in Ttem 2, the effects of welding upon the parent 
local to the point cof the weld, which were caused by heating « = 


local ra the 1 weld may be of some consideration, depending on | the reir cnteol 


0 of the two welded parts, the Size of used, arc: voltage 2 and 
effects of these condi- 


‘Variation of the chemical | composition the weld metal itself is also 
possible, depending on the degree of contamination by atmospheric gases 


during deposition. - J. C. Hodge has pointed out” that by varying the a 
of “the protection, either by varying the nature and thickness of 
7 - surface coatings and coverings, or r by changing the length of the are, the com- » 


position of the ‘deposited weld n may | be changed : at will. ‘Thus, the » nitrogen — 


ad content may vary from 0. 015 to 0.15, depending on the degree of protection. ee 
According to Mr. Hodge, other changes in chemical 1 composition occur 

weld deposition; for example, the carbon and manganese content are con- 
siderably lowered, which indicates the extreme ‘oxidizing conditions | within 

the _ Furthermore, variations in chemical composition affect the elastic 
“wi ag operties and the behavior under plastic deformation of the ‘various weld 
= =~ ‘The physical composition of a single ingot from which structural shapes” 
| a i are rolled may also vary from section to section throughout a ‘specimen. | Such 


variations m manifest themselves in such natural defects of ingots known as 


piping, blow-holes, segregation, and erystallization, any which be 
ri present and vary in size . and shape from microscopic to several inches in 
dimension. ‘These defects may or may not not be corrected during subse- 


quent working | of the metal. Consequently, any one or a combination of these 
factors may partly fe for the variation of the yield point 
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"among the cover-plate and core-section coupons as 
in Section 1 of the Appendix, 

Ye: The writer is | fully aware that most of the points mentioned loose are 


of minor consequence with respect to strength of welded and riveted a 


columns ¢ as finally produced, and that they are usually taken care of by ade- 
mill and shop inspections; yet he feels that they are deserving of 


> 


mention and are points that, contribute to the explanation of variations 
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PRE- QUALIFICATION. OF CONTRACTORS 


By ‘By Messrs. C. I L. HALL, A, R Losi, AND E E.G. ALKER 


O. L. Hann! Am. Soc. C. E. (by letter)."—This interesting, all t $08" 
tenet discussion of the merits and demerits of pre- qualification avoids the 
question of the political factors involved. The construction of public works, © 
‘like. oe other act of the State, is necessarily political in origin: and in final 
control. It is imperative, ‘therefore, that the political effect of any phase of 
public: const ru iction be considered. The writer desires to point out that politi- 


cal history may throw some light on the letting of contracts. = ye 
discussion of pre-qualification is based on the theory that, in general, 


by restricting ¢ competition to contractors whom he are e capable of doing» 


engineer whic he has ‘selected. Teually, the elimination, through err error, of a a 
- qualified contractor will cost the owner only the comparatively small sum of © 

“money representing the difference between the successful bid and the bid | 
a: which the eliminated contractor would have submitted. On the other hand, _ 


even with excellent inspection, an unqualified contractor can sometimes cause 


owner very large losses. s. In almost every case the relatively slight 
m _ he can save the owner by | his lower bid at least are balanced by the diminished ‘a x 
— . value of any structure upon which the « construction work has been below par, | 

id oor by the increased cost thereof, if the inspection cost has been unduly | 
i If the odds are thus weighed, and the owner is assumed to be capable of exer- 7 : 
cising an intelligent care of his own. money, an iron- clad case can be 

- i In works of any magnitude, however, the owner is usually an abstraction, 

- bs ‘such as a corporation. In public works, the owner is so ) much of an abstrac- 


tion, that he cannot really be identified at all. In order to visualize him those 
ps -—-Notr.—The paper by C. J. Tilden, M. Am. Soc. C. C., was presented at the meeting 
* of the Highway Division, New York, N. Y., January 22, 1931, and published in September, a 
- 1932, Proceedings. — Discussion on this paper has appeared in Proceedings, as follows: 

Rovember, 19 1982, by Messrs. Hdward W. Bush, A. B. Edwards, Samuel and 
eck. 


Corps of ‘Engrs. v. A, U.S. Engr. Office, Cincinnati, Ohio. 


j a 
| 
| — 
f 
| 
7 
— 
| — 
= 
q 
| 
— 
— 
— 
[| 


HALL ON ON _PRE- s-QUALIFICATION | OF Discussions 


4 who have a with an any particular branch of the ow: owner anata as to 


scandals of re- e-construction, a half the ‘ceding 

officer did not usually yield to. crude bribery, but frequently exercised 

his official discretion for the benefit of the political organization which, rather : 

<i _ than the abstract public, was responsible for his appointment. He » thus tended 

‘to award contracts for the benefit of contractors, who presumably rewarded 

- the p political organization with a share of the profits. ‘It was the scandals that 

followed this relationship which caused the passage of the strict laws relative. 

‘to open bidding on public works, now generally in force both in ~ Union 


Gere, 


and i in the States. 


ederal specifications, and most State specifications, ‘that 
have been most conservative in modifying the general laws, give a contracting . 
- officer the ight to. reject the bid of a contractor who lacks the requisite. plant a 
or experience. Rejection after bids are opened, or post- -qualification, however, 
involves 1 many inconveniences to the ec contracting officer. He 1 may be accused 
of favoritism, or even of corruption. If the protesting bidder has, | or can 
vag political or or press influence in his behalf, the officer may be reversed 7 


by his political sur superiors. It is simpler to such difficulties by” pre- 
_ With present improved standards of among public officials, 
there i is no doubt that _ pre-qualification does little harm. at this time; but it 
human nature for contractors to form a trade a association in their 
dly, many data to support claims that inex- 
the public. Once such an association is formed, 
it will also be human nature for it to ‘grant new admissions reluctantly. ff 
the ion allies itself with ‘employee bodies. containing a a large’ numbe a 
of voters, and if the contractors play politics, the closed contractor list il 
Professor Tilden’s conclusions ‘point out some of the dangers of the closed 
: list, even on the assumption that contracting officers act with complete inde 
pendence, and in perfect good faith; but complete independence is rarely ie 
possessed by non- political officers ; : ane is good faith always a quality of 5 
political appointees. Moreover, the ‘permanent officer, +, who is most likely to 
_ possess both these desirable characters, i is by nature ; a conservative. He pre- 


fers to o deal with contractors whom he knows. "Everything thus oor conspires to 


Humanly speaking, ‘it is certain: that a closed contractor list will cause 
repetition of the very evils - that strict public. works laws were designed to “4 
_ suppress. It is at least probable that pre-qualification will produce such a list. — 
_ -qualification in the light of day, as is the present practice of the Federal - 


Government, not cause these evils. This “system is “possible if 
bot pee has a permanent engineering force, with an n esprit d de ‘corps: of its ¢ own, 4 
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on the other hand, | withett such a public ‘organization, ‘it will be impossible to 
prevent scandals following pre-qualification. The writer, therefore, : ‘concludes 


that statutory” pre- -qualification would cause disadvantages outweighing its” 


ALR. Losu,” Assoc. M. Am. Soc. C. E. letter).“—This is a timely 
subject and o: one aliens of careful consideration. 7 The large volume of public : 
works contracts now under way (1932) and the dependence of the construc- 
tion ‘industry upon such Contracts, make it necessary that the best business 
principles shall prevail. An efficient, qualified, responsible contractor is just 
as essential as an engineering organization with \ the s same qualifications. — Pro- Fi 
fessor ‘Tilden has the general features of pt pre-qualification in an 

- excellent paper, and the writer would like to add a few brief comments, par- _ 


with to the advantages of pre- -qualification. 


detail by the sah administrative authorities on public works are 


relieved of the ‘responsibility and ir inconvenience e of assisting in collecting 


follow in the trail of a contractor, of “merchants, material 

men, laborers, and ‘others who may sell their goods | or services to the con- 

tractor. Many people who are not informed as to the provisions of public 

contracts and surety bonds, w ill sell ‘contractors 0 or their employees” 


anything, feeling that the State or other public authority will protect | them. = 


i 


_ They also feel that an organization that is qualified to receive a contract on 


public work must have a first-class credit 1 rating. 


7 a _ Surety bonds u usually protect th the State i in securing, g work within the oie: 


due to the failure of the contractor to pay his bills. f Laborers and small busi- 7 
nesses cannot afford to employ attorneys and go into Court to collect their 
accounts. There without number where contractors, and 


related to public. contracts the “uninformed public is not aware of these 


Surety coi companies occasionally fail, il, and the without pro- 
tection. ‘The public official ‘cannot specify the surety, but must accept any 


is offered. as long as it has a satisfactory rating. All surety com- 


panies do not handle contractors’ claims on the same basis. __ Py 


he: Companies that sell materials and equipment will be assured of receiving 


payments for their goods and will compete for business, resulting in a 2 lower 
cost to the p pr ublic. Contractors in good financial who are in position 


discount their bills, frequently buy cheaper than the State, while those 4 


contractors whose credit is in doubt, ‘must pay a higher price. a ba ner 


‘ion will have a stabilizing affect on the construction indostry 


which, in turn, will permit the development of better organizations, word 


efficient: work, and, the end, reasonable p prices. on work, 


— Mgr., Asphalt and Road Oil Div., 
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WALKER: QUALIFICATION OF CONTRACTORS 


"prices should not be high, or Fair prices for materials, 


living wages, 8 reasonable > profit for the contractor, and the » work done 


the 
| restricted ‘competition. offset this” there rip left open to. 
the administrative authority the threat to do the work with its own “organi- 


nately, the plain common sense of a private ¢ deal has a tendency, , when ak : 
oy to the control of public | undertakings, to become involved in an elaboration — 
* laws, rules, and red tape. ‘While these are devised primarily for the avoid-— 


ance of the possible temptation of ‘unethical practice, they , also have the ten 
dency to replace the of the mechanical 


a preli 


= and attributes of a contractor which may or mar 
the execution of a contract, and which are not ; susceptible of | expression in 
a questionnaire. It is not ‘desirable, therefore, to deal with this matter by 

Ct is the essence of public control that eure. ‘must be public knowledges, 
of t the intention to let contracts f for public works and ‘services, and that the 

oS terms of these ‘contracts must be. fulfilled in the ‘manner that is most eco- 

“nomical to the community. The public interest, however, is not served by 
awarding contracts to the lowest bidder irrespective of ‘other considerations. yo 
- Hence, there must be some form of limitation in order that the responsible 
authority 1 may fulfill ‘its function | of obtaining the best results for the Public - , 
it represents. it should be advised, therefore, by a ‘competent engineer who 
should be free to investigate the claims of competing contractors, and to make 


recommendations supported by ‘reasoned arguments. In considering his 


report, , the engineer should be free to make such i inquiries as appear germane 
to the i issue, and to form his « opinions without the limitations of a schedule. 


aiJiat 


In spite of the dev elopment of the large contracting “company with its com- 


plex and sub- divided organization, the successful execution of a public works 


contract: is, , to- day, as much dependent upon the individualities of the men = 
control, as it in the days of the private individual who made per- 
sonal contract for executing works. This must be taken into account ade- 


in ‘comparing the proposals of competing contractors. 2B 


— 
— 
the termination of a public works contract. 
aS 
— 
 £GwWa 
7 some form of pre-qualification is apparent. Stripped of its special significa- 
— 
4 
of minary assessment, by the engineer responsible for the project, of 
the Suitability of the proposed contractor, but there is grave doubt as to the 
— 
— 
19597 


A 


r has frequ to 
which involve the striking of a fair the claims of the 


ully an an evenness ss of 


client and those of the « contractor. To do so success 


“the making o the contract, go. a way to facilitate the execution ‘of the 
work for all concerned therewith. After some years of experience of both 
public and private works, the writer submits the following three suggestions: 
a 1.—WI 1ere the nature of the work and of the interests for whom the 
, work is to be executed, make public advertisement of the proposed contract 
: essential, it should be open to all contractors to tender; but essential safe. 
guards should be inserted to to. make clear that the work will ‘not necessarily 
~ be awarded to the lowest or to any bidder and, by the requirement of suitable — 
deposits and securities by | contractors, precaution should be taken’ to insure 
that only proper and serious bids are made. 
38 2.—In cases where | public announcement ~ the proposal is not necessary, 
it should be within the power of the engineer to invite an agreed number of 


elected contractors to bid, the engineer having first satisfied the authority 
responsible for the work as to his for selecting the particular 


8.—In any cave, after bids have been it should be the duty of 


q 
‘the | engineer to make such inquiries in any direction as he should think 


fit, , in order to assure himself of the suitability of the contractor before re recom- 

mending the acceptance of of his bid. Naturally, such an investigation 
have to be comprehensive « or simple, according to the knowledge available 
: from p previous transactions. It is essentially a matter in which the <i 
‘in each individual case must be evolved at the time, and cannot be met by — 


the ‘filling in of a pre- -arranged form. oF 


_ ee does not seem that the adjudication on the suitability of a contractor 
7 to undertake work for which he may compete, can be controlled in detail 
“ satisfactorily by legislation, with all the , rigidity and limitations which must 
- inevitably accompany it. The subject: should be treated in a far more elastic 
manner. The most suitable treatment is obtained by the employment of com-— 
petent and honest: engineers, by leaving them full responsibility as out- 
lined herein, , subject to the control of the responsible authority. The code of 
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By ‘edie H. Pau , M. Am. Soc. 


H. Paut,” M. Am. Soc. E. (by letter).”*—The is to be 
~ comrhended. both for the purpose of his paper, and for the careful detail in 
which the proposed | tests are described. - Sngineers interested in hydraulic- 
*. dam construction will find this paper valuable for | study and for reference. 
As Consulting Engineer during the last fifteen months of ‘hydraulie- fill 
construction, the writer made regular visits to the Cobble “Mountain Dam 
and had ‘the: opportunity to observe. ‘the ‘ingenuity ar and ‘competence e of the 
engineers” in . developing practical _ methods of making tests for control and 
aids ‘While the hydraulic- fill method of dam construction has pone in use for 


many years, | it is. true that ‘systematic: or of the details of design and con- 


“two. to the present time there are few accepted available 
“investigating or testing materials, or for determining a a. the work 


Yell It is an accepted fact that there is a _ wide | range of materials s suitable fe for 


hydraulic. a construction, as to shoulder material as well. as core material. 
a a study the of the many successful dams 


of to fit the materials available. it is quite 
probable that this paper ‘may lead to an indirect. result fully as ‘important 


Borrow-pit sampling with ‘methods ge generally accepted for 


- 


— 
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| 

— 
. 
— 
— 
— 
by 
— 
— 
— 
ey = Core material available is limited approximately to the quantity passing the & 
ei _ Nore.—The paper by Harry H. Hatch, M. Am. Soc. C. E., _was presented at the : 
— - Joint Meeting of ‘the Irrigation and Power Divisions, Yellowstone National Park, July 7, ‘ 
ee 1982, and published in October, 1932, Proceedings. ‘This discussion is printed in Pro- 
ceedings in order that the views expressed may be brought before all members for further 


January, 1933 ON, TESTS FOR HYDRAULIO-FILL ‘DAMS 


—200- mesh sieve. dine apparent requirements is as — 


= of the fines. will be trapped in the beaches, and it helps | core control to be 
able to waste | some fines.” j, After the amount available has been determined an 

and found to be sufficient, various ‘core tests should be made for specific 
gravity, gradation, percentage of voids, permeability, etc., methods for which 
are outlined i in the paper. The gradation of the ec coarse material i in the borrow- 


-~ipit should also be investigated Lael may be done by screens ; and sieves), a as 


as as the impermeability and ‘satisfactory 1 rate of consolidation of the core. 
The author describes the usual method of determining moisture content 
and percentage of voids in core and beach materials. - This is a ‘simple pro- 
cedure and gives satisfactory r results. — 2 His Fig. 2 shows the percentage of 
voids decreasing with the distance from the center line of the core. At first, 
_ the relatively h high percentage of voids in the ¢ core may appear to be illogical, 
but that seems to be characteristic of such ‘materials. It should be - remem- 
- bered that the voids in the core are microscopic, and even if they comprise a 
large percentage of the mass, their extremely small | size renders the mass" 
practically: impervious. _ By reference to another section of this paper r (see 
under “Effective Size’ >, it may be inferred that the rate of permeability 


decreases as the square root of the size of voids. Several samples of cores" 
from the Miami Conservancy dams averaged 40% voids (weight, 125 |b. per 
‘specific gravity of solids, 2.67), but the coefficient of permeability 


through that at material was found by Glennon Gilboy, Jun. Am. Soe. E, 


; to be only 0.0144 em. per day. These void determinations on the Miami Con- 
_ servancy cores were obtained from samples taken : from the cores after seven 
years’ consolidation, and, therefore, tend to confirm the results obtained 
by the author at Cobble Mountain. These results are » further confirmed by 


In making and ‘recording void determinations, care ‘should be taken to 
§ make clear whether the amount of moisture is determined and expressed : as 


rs percentage of the entire weight (water plus solids), or of the solids alon 


For example, in a sample of saturated core weighing 125 lb. per cu. ft., a 


water « content of 25% of the mass by weight would mean 50% voids, while 


25% of the dry or solid matter would mean 40% voids. There has been some 
confusion in past because of lack of care in expressing or interpreting 
the ‘results of moisture content determinations. The writer prefers the prac- 
tice e of expressing m moisture content in percentage of the entire weight. That 


is the meaning of w in the author’ 8 Equation (1). ben vinwigul. 


mB The writer has expressed the « opinion repeatedly that rod Penetration tests — 


as ordinarily made from a a boat give only indefinite results.” They a are of ov ; 
_ some value i in ‘determining i in a a general way the | rate of consolidation, and ins 7 
detecting the presence of tongues” of sand o1 or gravel that may worked 
out into the core. The author has described a more refined method of oe a) 

= tests, which seems to give fairly reliable results, 


tes 18 Transactions, Am. Soc. C. E., Vol. LXXxXvV (1922), pp. 1181, 1188, and 1236. 


1 Loe. cit., Vol. LXXXIII (1919-20) p. 1800, and Vol. LXXXV (1922), p. 1198. 


— 

— 

| .—l 

iii 

7 

‘ 

| 

— 

— 

ii 

— 

a 

— 

| — 


PAUL ON ‘TESTS FOR HYDRAULIC Discussions 
Pky Boreal methods of determining grain sizes and gradation of core materials _ 
have been described by Mr. ‘Hatch, including the hydrometer method. The — 


ey ‘writer agrees with the conclusion that this method has many advantages, such 


wee 


speed, low cost, convenience, and reasonable accuracy. ‘The procedure 

outlined in detail, step by step. ‘It is hoped that this hydrometer method 

4 may be adopted for general use in the investigation of borrow- -pit arte 

and in hydraulic core tests. yout ett) betes gai od biveds tig 


ve With reference to ‘suitable sizes of core materials, it may be said in gen- 

eral that while the presence of impalpably fine particles makes for less per- . § 
‘meability, it tends to increase » the « difficulties of of construction. — Character of f | 


‘borrow- materials available, study of core gradations and construction 
other hydraulic fills, and “good judgment must contribute to the 


decision in each case as to whether the hydraulic-fill type is practical and 
“a a paper core at the Miami Conservancy Dams,” the 


writer gave analyses of of representative samples of the cores ¢ of those five e dams, ; 
all of which averaged much finer in sizes of particles than. the Cobble 
= tain core. The Miami core material averaged about 0.002 mm. for effective 

a size and a about 15 for uniformity coefficient, using those terms for want of 

j something better to indicate fineness and gradation for purposes ; of compari- — 
son. ' Observation and tests show those cores to be highly impervious, and 

their rate of consolidation was fast enough ; for all practical purposes. Samples 7 

of the core taken after consolidation averaged 40% voids and weighed 125 Ib. 

cu cu. ft. The average specific gravity of the particles was 2. 67, and 
=a of the n mass, 2.00. The material of the Cobble Mountain core had an effective — 

size of about 0.009 mm. and a uniformity coefficient of about 8. Although 

; much coarser than that of the Miami Conservancy, this material also” gave 
satisfactory results as regards -water+t tightness, stability, and rate of consoli- 
dation. At some dams where | cores, were somewhat finer than those of the 
Miami Conservancy District, more or less trouble has “occurred during ¢ con-— 
_ struction, and not many cores are much coarser than at Cobble Mountain ; but 

between the wide limits indicated by those two, it is reasonable to assume 

a that core materials will be satisfactory unless preliminary tests point tot the 

ea The e author has wisely y called attention to the fact that frequent 

- gradation analyses are necessary to obtain a representative | gradation curve 

at any dam. The hydrometer method, as described, makes this comparatively 


easy and practicable. _ His method of plotting these curves is believed to be 
‘The author’ s conclusions regarding the coefficient of friction of beach and 
"shoulder r materials” (see text following Equation. | seem 1 logical, and 
ke put into practical application in the design of the shoulder sections of 
ee fill dams, although in many cases other considerations, such as . 
— angle of repose, may require a volume of shoulder material that will eliminate 


_ the necessity of more than a passing consideration of the coefficient of friction. 


_ 2 “Core Studies | in the Hydraulic-Fill Dams of the Miami Conservancy District,” by 
Charles H. Paul, M. Am, Soc. C. E., Transactions, e. C. Vol. LXXXV 
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unuary, 1 933 TESTS 


aH. 
__ Pereolation tests are difficult tc to make and t to interpret t for practical appli- 
cation. Nevertheless, ‘such tests are extremely desirable in the. investigation 
of earth dam materials and the writer knows of no. more practical ncineerd 
for such. determinations than the one » described as the ‘ “Large Pereolator.” 


‘they certainly furnish valuable information. for comparisons of diferent 
‘materials: available, or for possible variations in gradations. These tests, 
either on the job « or at some : available > laboratory, are considered to be = 5 
worth while. As would be “expected, : a conclusion: from the author’s inves- 
tigation is that both finer grain | ‘sizes (which means smaller void sizes), and 
lower percentages of voids, have a “strong influence i in reducing permeability. — 
-: As to rate and manner of core consolidation, the | experience with the Miami 
‘Conservancy District cores heretofore described, showed that they reached a 
condition very close to” final consolidation in not more than twelve months 
after” placing. The rate, of construction progress has a marked effect on 
this, of. course, since the faster the load is applied the more rapid is s the 


consolidation process. _ In this connection (referring to the discussion involv-_ 


ing Equations (25) to (30)), the writer is ¢ convinced that considerable > of 
the core e drainage - takes place vertically. * The 1 writer belives that this veered: 
‘drainage will have even more effect than is suggested by the author, 
a Notwithstanding the difficulties in applying results of percolation aoe i 
“actual conditions in a dam, nevertheless such tests may often suggest limits | 
“that will be 8: safe to > apply to the dam itself. In such eases the author’s seepage 
formula (Equation (43)) is. set up up in comparatively simple and 
form for ruse. It should be realized also that this formula is applicable to 


the seepage- resisting materials i in any type of earth. dam, and not to hydraulic 


is the writer’s belief that a well-built composed of 
materials within the limits of fineness being discussed in this paper, lawl 


their construction, hydraulie- fill are e particularly to ‘resist ‘seep- 
age through the core: itself, and to distribute such seepage harmlessly and i 
effectively eons the beach and shoulder materials on the down-stream side. ; 
Assuming that the core is homogeneous, what little seepage may occur will: 
be taken care of automatically. One thing to be watched carefully is the 


preservation of uniformity in the core during construction, ‘and the preven- i 
tion of tongues or layers: of sand or mee that will provide a path for free 


seepage. Seepage formulas ‘must necessarily assume the absence of any such 

dy In many cases, also, it will be found that the dam itself is more water- 


tight. than the abutments against which it rests. ‘Seepage dangers should be 
‘investigated through abutments and foundations of earth dams, as well as 


“through the dams "themselves, as otherwise these abutments or “foundations 


™ Transactions, Am. Soc. C. E., Vol. LXXXV (1922), pp. 1194, 1199 (Fig. 11), a 
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A HISTORY THE DEVELOPMENT OF 


BY HENRY B. SEAMAN, M. AM. Soc. 


Henry B. Seaman," Am. Soc. E. letter). —This valuable paper 


= not merely a hietoey of, wooden tray it is practi ically a treatise on the 


design of wooden bridges of the more r recent types. 7 he Howe truss will be 

in vogue in ‘timber countries for | many years to come. — ‘The recent tendency 

_ toward iron bridges is partly the result of heavier engine loading; but it is 

due more especially to the increased price of timber, which would have less 


effect in countries where the timber is ready at hand. 

7 ‘s va Fifty years ago there were still many Howe truss bridges on the Pennsyl- 
vania ‘Railroad. Although they were really combination bridges of wood 
-y iron, they were classed as wooden bridges, and if iron was used ‘unneces- 
sarily it was considered an ‘indi ignity to the wooden truss. Cast-iron angle 
blocks and wrought- iron tension rods were a ‘regular - part of the construction. 
The chord splices were of oak and were compactly bolted in place. In pro- 
portioning the splice, the area of the split section to that in the end thrust 
bearing was in a fixed ratio. Long spans, which still remained i in service, had 
ribs « on each side of truss, extended down below the chord 


the face of the abutment, o on skew-backs. 


— On the E rie Railroad, about ten years later, there were many Howe 
truss bridges of shorter span, but without he rib. Since the Railroad 
é ‘ie Company was avoiding the appointment of a Keesegentre the bridges were used 

to their ultimate of safety and were badly “hog- -backed” before removal. They 

were tested at the critical joints by the use of a small auger to ascertain the 

- ~ condition of the interior wood, and the holes thus made were then filled tight 
plugs. was the saying that wooden bridge never falls down,” 


vai which was, of course, a dangerous doctrine; but it received apparent corrobo- 


Nore.—The paper by Robert Fletcher and J. P. Snow, Members, Am. Soc. C. E., 

as published in the November, 1932, Proceedings. This discussion is printed ‘in Pro- 
in order that the views expressed may all members for further 
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ON DEVELOPMENT OF WOODEN BRIDGES _ 


29. _—TIMBER Howe Truss, Mov NT ERNON, 
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DEVELOPMENT OF WOODEN BRIDGES 


ration when the Market Street Bridge, in Philadelphia, Pa., was re was remove val 
was found to have been literally punk. 


af >. About 1894, the writer had occasion to Deiden and construct the overhead 
truss bridge shown in Fig. 29, for a of the 
York, New Haven and Hartford rd Railroad, at Mount Vernon, Be 
- found no difficulty in obtaining trained carpenters to execute the work. ee 
was of simple design, with oak angle blocks, a complete upper lateral ashen 
could be written on the ‘subject the jack- knife bridge. 
= ‘This. is still” a useful type for temporary purposes. While re- -constructing 
main- ‘line bridges of the New Haven Railroad at Cos: Cob at West- 
port, Conn., in 1905, such bridges, -double- tracked, “were constructed by 
the writer, and served well for main- -line service during the reconstruction. . 
One of shown in ‘Fig. 30. These knife ‘draw-spans were ‘part of 
the temporary by- -pass trestles. satisfactory operation of the draw- ‘span, 
it is important that ‘the gallows- frame be inflexible, that the pile bents 


from which the trusses: swing, be braced against movement. 
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APPLICATIONS FOR ADMISSION AND FOR TRANSFER > 


‘The Constitution provides that the Board of Direction shall elect or reject 


* all applicants for Admission or for Transfer, and, in order to determine justly 


eligibility of each candidate, Board must d depend largely the 
aa _ This” list is | issued | to members in every grade for the purpose of securing 


all ‘such available information, and every member is urged to carefully 


any which may 1y aid in his It is the Duty 


=. of all Members to the . Profession to assist the Board ir in this manner. | of a wiaae) 
a? 
Ryne It is especially urged, in communications concerning applicants, | that a : 


Definite Recom mendation to the Proper Grading im Each Case be given, 


Pal 


/ inasmuch as the grading must be based upon the opinions of those who know 
the applicant ‘personally, as well as upon ‘the nature and extent of his pro- 
fessional experience. If facts exist derogatory to the personal character 


to the professional reputation of an applicant, they should be promptly com-— 
municated to the Board. Communications to Applicants are con- 

Board of Direction will not consider the applications “herein 
tained from residents of North America until the expiration of thirty (80) 
days, and from non-residents of North America until the expiration of ninety 


is 
MINIMUM. REQUIREMENTS 


Grade ot} General Requirement Age Length of, 


Responsible 
charge of 


4 


‘Junior 


20yearst | 4 years* 


i 


Qualified for sub-professional 


Affiliate ments or practical experience 


0"? 


to co-operate with engineers | 
Fellow | Contributor to the permanent | 


“4 _ game from a school of engineering of recognized reputation is equivalent to 4 years active 
practice 


“ish i Wile | § r 
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TANGA 

BALDWIN De- HUGHES, HENRY CLAY, ‘Corpus’ ‘Christi, 
=, Ill (Age 22.) Refers to ii. EB. Tex. ‘(Age 34.) Div. Res. Engr., Mainte- | 
Babbitt, J. J. Doland, W. C. Huntington, nance Dept., Texas State Highway Dept. | 
G. W. Pickels, T. C. Shedd. W. Bailey, C. M. Blucher, 

BOBISCH, WILLIAM JULIUS, Chicago, N. Gustafson, T. E. Huffman, C. W. 

(Age 22.) Refers to J. _MeFerron, R. W. Stiles 


W. C. Huntington, G. W. Pickels. te se JOHNSON, ELLERY FARMER, St. Louis, 
BOONE, HARRY KAY, Angeles, (Age 26.) Engr., International Shoe 
“(Age 35.) Archt. Engr. Refers to W. 3 tefers to KE. O. Sweetser, J. 


Baker, Jr., P. H. Calahan, J. D. Faulkner, ag 
J. Fox. C. C. Miller, F. E. Trask. 


KUHNS, JOHN DANIEL, Springfield, Ohio. 
CHASE, LOV ELL pobetdy Waterville, (Age 33. ) Business Mgr., Board of Educa- 
Me. (Age “Instructor in Mathematics, ton. Refers to T. D. ’B. Groner, J. 


Classical Inst. Refers to H. 8S td Reinheimer, C. H. Shea, c. _H. Shook C. W. 


COLLINS, CHESTER PAINE, Los Angeles, ‘MALTMAN, Philadelphia, 
“Cal. (Age 42.) Res. Engr., Los Angeles — * (Age 46.) Acting Asst. Engr., Dept. 
County Road Dept. Refers to R. L. Ander- 


A. Burt, O. F. Cooley, G. Jones of ‘City Transit, Refers to J. Boatrite, 
F. H. Joyner. ’ ’ 


S. W. Lamborn, C. W. H. 
CRUMLISH, HUGH JOSEPH, ‘Pleasant Stevens. 


Gap, Pa. (Age 37.) Constr. Engr., West- 
Hoftert, Arizona State Highway Dept. Refers to 

A. “Warlow. Brown, R. A. Hoffman, W. R. 


Hutchins, BE, V. Miller, J. S. Mills, J. 
DIKE, OSCAR DERMIT, Seattle, Wash. ’ 
Harris, More, R G. ‘RANKIN, TOM HARRISON, Flushing, 
Tyler. (Age 28.) Asst. to Chf, Engr, for 
_ ENNIS, CHARLES WILBUR, JR., Houston, Priest Contr. Bey “Ky. 
BYANS, SAMUEL ANTHONY, Los H. F. Peckworth, W. G. Triest, J | 
Cal. (Age 38.) Jun. Civ. Engr. , Dept. of _-RICCIO, JOSEPH GEORGE ANTHONY 
‘Water and Power. Refers to KE. Bristol, R. I. (Age 23.) ‘Refers to C, D. 
Angilly, Jr. W. W. Hurlbut, Billmyer, J. L. “Murray, 
we. H. ROLIN, RAYMOND D GUSTAF, Cambridee 
GEYER, JOHN " CHARLES, ~ Cambridge, Mass. (Age 24.) Asst., Dept. of Civ. an 


q 2h. 
in Hydraulics and San. Russell, C. Spofford. 


Harvard Eng. School. Refers to R. a 
Dodge, G. M. Fair., A. -Haertlein, a . ROOT , LLOYD EUGENE, Baltimore, Md. 
GLASSMIRE, HARRY MARTIN, Buffalo, 7. F. Hubbard, F, W. Medaugh, J. 
N. Y. (Age 57.) Asst. City Engr. Refers _ - Thompson, G. W. C. Whiting. eeu: 


to J. H. Feigel, G. F. Fisk, C. ae Howell, 


mann, G. F. Unger. (Age 28.) Jun. Engr., Board of Transpor- 


tation, York Cit Refers Ww. 
PERRY Philadel- Beattie, L. E. Robbe. 


phia,, (Age 24.) Asst. Chf. Engr., 
Golder Co., Engrs. and Contrs.  SKERRETT- LANDRON, RICARDO, San- 
Refers to H. N. Benkert, L. Costello, M. _ turce, Puerto Rico. | (Age 57.) Asst. Chf. 
- Golder, H. H. Quimby, Cc H. Stevens. Sy of Div., Dept. of the Interior, Govt. of 
GROVER, NEWELL ARTHUR, San Puerto Rico. Refers to M. V. ‘Domenech, 
Francisco, Cal. (Age 33.)_ Draftsman, M. Font, F. Fortuno-Selles, A. S. Lucchetti-— 
California Dept. of Highways. Refers to Otero, Rosado, F._ Pons, A. 
Allen, V. Cortelyou, N. C. Grover, ‘Rodriguez, E. Totti Torres, C. Valle 


ae (Age 22.) Refers to I. L. Collier, 
. E. Hawthorn, C. C. May, ac More, 
y 


JAMES CARLISLE, Abilene, (aan at) 
$3.) County Engr., Taylor (Tenn.) Bridge Co. Refers to A. J. Dyer, 

County. Refers to G. Gilchrist, J. W. Elliott. B. Ho a; i. G. H ter, 
Jr., G. R. Johnston, T. D. Shiels, Webb.’ 00 untel 


CHITTY, Iowa City, Iowa. (Age 30.) SMITH, ROBERT ALEXANDER, Cran- 
7 Research work, State Univ. of Iowa. ford, N. J. (Age 60.) Surveyo? and Cons. es 
Refers to F. M. Dawson, B. J. Lambert, ‘th " Engr. Refers to L. L. Coudert, P. Guise, 

A. Nagler, E. W. J. H. Henderson, J. Hopkins, N. 
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STILSON, ALDEN EARL, New City. TORRE, MARIO DE LA, Cali, 
(Age 32.) _ Chf. Engr., Morse Boulger De- Rs (Age 23.) Refers to V. R. Irvine, A. N 
structor Co. Refers to W. G. Bank, W. Johnson, S. Ospina, R. H. Skelton, 8. a 
urry, Jr., C. A. Mmerson, Jr., I. TROXELL, JOHN ADRON, Pellin ham, 
Osborn, A. H. Place, D. W. Townsend. Wash. (Age 22.) Refers to’ I. Magham, 
TAYLOR, OLIVER GUY, Chevy Chase, Md. ©. C. “May, C. C. More, R. G. tiyler. DE 


49.) Asst. Chf. Engr., Park JAMES PATRICK, Yonkers, 


Service. _ Refers” to W. M. Austin, W. N. Y. (Age 35.) Sales and Service Engr., 
Beaman, C. H. Birdseye, A. Jones, Alpha Portland Cement Co. Refers to. 
Kittredge, Robinson, Jr. » H 


‘Spelman, M. R. — \ Radbill, F. J. Wright. 


é 


— OF ASSOCIATE MEMBER 


K. Borchard, H. F. Finck, 


C. ae, * PAFFRATH, ERNST, Assoc. M., St. Louis, 
(Blected April 18, 1927.) (Age 46.) 
Sewer Commr. Refers to 


Refers to J. Ww. “Carlton, J 
» H. E. Frech, E. R. Kinsey, A. 


-Lewald, W. BE. Rolfe, W. S. Sammelman 
Dunkel, P. A. Fellows, O. H. Koch, D. 
Molitor, RLS. Swinton, J. ‘Van den J. M. Slater, Cc. E. Smith, M. Talbert. 
RAMIREZ, REINALDO, Assoc. M., San 
HARRY WARFIELD, Assoc, Juan, Puerto Rico. (Elected Sept. 
New Madrid, Mo. (Elected Dec. 5, Seon.) 1923.) (Age 41.) Chf. Asst. Engr., 

(Age 35.) | ‘Vice- Pres. and Gen. Mer., Wil- Ww. and Structure Dept., American R. R. 
banks & Pierce, Inc., Dredging Refers to F. A. Barnes, R. R. Casellas, 


Allen, D. A. MacCren, M. Domenech, M. Font, R. A. Gonzalez, 


WwW. A. K. Parkin, R. C. Pierce, M. S. Jimenez,’ W. W. Schlecht, R. M. 
Shaw, R. Wilbanks. | Snell, BE. Totti Cc. del vane Zeno. 
ALBRIGHT, RALPH JOHN, Jun., Allen- ce 
town, Pa. (Blected Oct. 14, 1929.) Age 
82.) With McClintic- Marshall Corporation, man, “WwW. 


Bethlehem, Pa. Refers to F. Ball, S.A. wMeGREW, EDWARD 
Becker, BE. L. Durkee, C. D. Jensen, H. B. New York City. (Elected July 11 ity 
Swart, Brent & Co., Inc. 
ARTHUR, LYNN JENNINGS, Jun., ee Refers to R. W. Baily, W. HL 
apolis, Ind. (BHlected July 16, 1928.) (Age Deignan, G. Dunn, Cc. 
82.) Chf. Designer with Jeup & Moore, Needles, J. A. L. Waddell. 
| Ine. to C. Brossman, H. O. Gar- 


| man, Uniontown, Pa. (Elected Aug. 27, 
Moore, B. Moore, R. B. Wiley. (Age 32.) Engr. » With David 
BACKSTON, PHILIP, St. George, (Uniontown Iron Works). 

(Elected Oct. 1, 1928.) (Age McCullough, R. R. Schweitzer, Cc. 


Jun., Los Angeles 
BR. Hiles, L. T. Howard, BE. R. Knight, Cal. (Elected Oct. 1, 1926.) (Age 32.) 
H. x Preston, R. Ww. Thoroughgood. Jun, Civ. Engr., North Outfall Sewer pest. 
LUBKE, WALTER ee Jun, and San Sewer Dept. Refers to F. 


Sr. Engr., Dept. of Public Works, Div. of W. O. White, E. L. Zearley. 
Bngre. . State of New York. Refers to yan GOENS, EDW IN, a 


North "Tarrytown, N. Y. (Hlected W. C. Hogoboom, L. 


12, 1926.) (Age 32.) — Constr. Mgr. with L C. Mayer, F. W. Parsons, H. A. Van 
Louis Keil, Gen. Contr., Ossining, A. P. 
“The B Board of Direction will consider the 


than thirty | days after % the ¢ date of issue. 


EN MAN 7 
Wea Knapp W. ROSENBERG, HERMAN HARRIS, Jun, 
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